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Chapter I. Production Engineering 


Mud Technique in Iran 


By M. W. Strona* 
(New York Meeting, February, 1939) 


THE technique of handling drilling muds varies somewhat, partly 
because of personal factors but mainly because of differences in forma- 
tion, the type of problems, and the general drilling conditions in different 
localities. 

The much greater depths to which bore holes are now carried have 
made necessary closer attention to and great modifications of all aspects 
of drilling-mud technique. Increased depth means smaller hole, smaller 
drill pipe, smaller clearances, higher pumping pressures, higher differen- 
tial pressures between shows and the mud column, less accurate control 
of the weight of the mud column, delayed receipt of formation data, and 
poorer samples. It means longer delays and greater hazards in rectifying 
mistakes or dealing with accidental occurrences. Equipment on a larger 
scale is necessary and more pains must be taken with layout. Lastly, 
the budget costs of raw materials have risen to high figures and economy 
of time and of direct monetary expenditure have come to mean much 
more than formerly. 

A mud laboratory is now part of the essential establishment of a 
modern oil field and to it current problems can be submitted for the most 
thorough investigation. The detailed chemical properties of all mate- 
rials purchased or quarried have to be investigated. Detailed data on 
the physical properties have to be ascertained and research on improve- 
ment of material and its most efficient use has to be carried out. 

In this paper will be discussed the main mud problems of Iran, some 
of which are peculiar to local conditions while others are of the general 
type common to all workers in this subject. 


UNDERGROUND CONDITIONS 


In deep wells in Iran the normal overburden may consist of: (1) up to 
several thousand feet of marls with interbedded sandstones and limestones 
of varying porosity and permeability; (2) beneath this a chemical series of 
rock salt and anhydrites, containing various marls and thin limestones, 


Manuscript received at the office of the Institute Sept. 8, 1938. Issued as T.P. 
1005 in PerroLeum Trecuno.ocy, November, 1938. 
* Chief Resident Geologist, Anglo-Iranian Oil Co., Masjid-i-Sulaiman, Iran. 
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of which the drilled thickness varies from over 10,000 ft. to less than 300 
ft.; (3) underlying thick limestones with rare thin marl bands. 

The top series (1) sometimes contains high-pressure oil or gas shows 
in the sandstones, but more often only low-pressure waters. Where both 
are present in the series, considerable difficulties ensue because the heavy 
muds tend to form filter cakes on the low-pressure sandstones. 

In the lower part of the second series (2) is a group of hard and soft 
marls and limestones containing waters high in magnesium chloride 
content. Gas may also be present and the rock pressures range from 
0.75 to nearly 1 lb. per sq. in. per foot of depth, thus calling for the use 
of very heavy muds. 

A peculiarity of these particular waters is their small but continuous 
flow, suggesting that they are contained in plastic beds of low per- 
meability, under strain, and that, under reduction of pressure in the 
neighborhood of the well the waters are slowly extruded from the strata. 
Their mode of formation suggests that these marls were covered, over a 
very wide area, by impermeable chemical deposits, with the result that 
they could never get rid of their waters by extrusion under normal com- 
paction conditions and so are supersaturated at the pressures to which 
they have afterwards been subjected. 

A further complication of this chemical series often arises, due to 
violent displacements. Extreme folding, faulting and thrusting, with 
cutouts and duplication, is characteristic of the series. These features 
contribute to drilling difficulties, owing to the instability of the wall of 
the hole in the neighborhood of the-faults and thrusts, and at depths over 
8000 ft. such places are formidable obstacles. 

Throughout the salt series it is necessary to drill with saturated brines 
to avoid accentuating difficulties by leaching out salt and causing the 
marls to cave. 

The lower series (3) of limestones is competent. The pressures may 
be 1000 Ib. or so below those of the chemical beds and if the lower pressure 
conditions are penetrated while the mud pressures and gravity are for 
high-pressure conditions, the stage is set for a fishing job with frozen 
tools. 

Within the limestones themselves, fissuring, fracturing and permeable 
beds provide the main difficulties, and special methods have been devel- 
oped to deal with them. 


Routine Recorps or Mup OPERATIONS 


In order to make readily available the data respecting mud oper- 
ations in wells, more especially in deep wells, the essential information is 
entered daily on a graphic log of which Fig. 1 shows the main features. 
On this form are entered the following details: (1) weight as recorded 
on the rig; (2) weight as recorded in the laboratory from samples sent 
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in daily; (3) Marsh funnel viscosity (or other suitable units); (4) mud 
losses to formation; (5) pumping pressures, average and maximum; (6) 
pumping speeds (in deep wells); (7) remarks on general drilling con- 
ditions, additions to mud, such as bentonite, brine or barite, shows, 
formation changes, and the like; (8) size of hole, size and type of drill 
pipe and casing; (9) salinity of mud, where necessary. Vertical columns 
represent days, against which the depth is entered. 

For normal wells—i.e., wells in which no unusual features or particular 
difficulties occur—such charts are not necessary, but for deep tests or for 
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Fig. 1.—CHartT FOR MUD LOG. 


wells drilling in difficult formation, such graphic mud logs are of con- 
siderable value, both for watching the trend of events and foreseeing 
necessary measures and for forecasting general mud requirements in 
contemplated new tests. 


Rotary Mup SAMPLING 


In dealing with mud problems in wells, it is of the utmost importance 
to have accurate knowledge of the types of strata penetrated, their 
thickness and depth, the position of faults, and other information, so that 
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it will not be out of place to mention here our standard rotary mud 
sampling technique. When no particular difficulties are envisaged, the 
mud is kept thick enough to ensure accurate rotary mud samples from 
1 to 2-ft. intervals (collected from a vibrating screen). By this means, 
almost perfect logging is possible to something over 6000 ft., though 
beyond that depth several factors may tend to more admixture of 
samples. Average muds under these conditions run from 1.2 to 1.4 
specific gravity. 

In Iran, markers are often few and thin, and by this means it is usual 
to get adequate returns of beds as thin as a fraction of aninch. It has 
been found that much time is saved and accuracy achieved by close 
rotary flush sampling, using sufficiently 
thick mud. 

Fig. 2 shows a portion of a log 
between 8300 and 9300 ft. using flush 
samples taken from the screen at 2-ft. 
intervals. It shows the routine 
[| Gray mar! graphic log entries of percentages of 
CMM Ree maar rock types and indicates that the mix- 
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mens, is now practically discontinued, even in the most complicated 
tectonic conditions of faulting, overfolding and repetition. 

Coring was found valuable recently in checking a certain zone where 
_ flush samples showed great admixture; the core proving a complicated 
fault breccia of heterogeneous material. 


CURRENT PROBLEMS 


The main problems are: 

1. High-pressure shows, necessitating very heavy muds. 

2. Porous or permeable formations, necessitating the use of ben- 
tonite to stop mud-ringing. 

3. Caving formation, due either to tectonic causes, as in heavily 
fractured zones, to beds plastic under high rock pressure, or to beds 
taking up water from the mud and sloughing into the hole. 
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4. Highly fissured formations, causing lost circulation and necessi- 
tating special temporary measures. 

The pure mud problems, which have to be solved in connection with 
the above, are: 

1. The heaviest muds usable under given conditions. 

2. The least permeable or non-mud-ringing muds obtainable, ful- 
filling also other necessary requirements. 

3. The most satisfactory setting or sealing mixtures. 

(Loss or sealing-off of production is being satisfactorily dealt with 
either by drilling in with water, in suitable conditions, or by subsequent 
acid treatment if mud has been used. As the pay is a limestone and 
the raw muds are high in lime content, this presents no great difficulty.) 


Heavy Mups 


As a weighting material barite is used mixed with a water-bentonite 
base. If the strata to be drilled contain neither salt nor salt water, a 
1.05 sp. gr. bentonite is usually of sufficient strength, but if brine con- 
ditions have to be met, the bentonite is preferably hydrated as much as 
possible by pumping through high-pressure nozzles with fresh water 
before introducing the brine. In this way much greater suspension 
efficiency is obtained from the bentonite. 

Where no fresh water is available, the bentonite may have to be 
mixed in concentrations approaching 9 lb. per cubic foot. This is 
admittedly rather inefficient, but improved methods are being studied. 

When muds of 2.5 sp. gr. or over are needed, magnesium chloride 
saturated brine is used as a base, so as to reduce the viscosity. 

For moderate muds, lime mar] is useful in small concentrations as a 
suspending agent, owing to certain reactions between it and the MgCl, 
which impart a slimy lubricating property to the grains and also counter- 
act to some extent excessive settling or packing. 

The heaviest muds we have been called upon to pump down wells was 
2.76 sp. gr., which went down 6000 ft. of 4-in. drill pipe without trouble. 

When drilling into beds with high-pressure shows, it is convenient 
to do so with a bottom-hole excess differential pressure not exceeding 100 
Ib. per sq. in. If there is good connection, subsequent production is not 
usually difficult. 


Fitter CAKES AND PERMEABLE BEDS 


To reduce the growth of mud sheaths, muds must be as nonperme- 
able as possible. If thin, they should not settle and if on porous 
surfaces they should form either the thinnest possible nonpermeable 
mud sheath or, if a thick sheath, then a soft one of low rigidity and 
having lubricating properties such as those formed by good bentonites, 
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In deep wells the drag due to mud sheaths is a constant source of 
danger and the utmost precautions are taken-to avoid it. Bentonite is 
used liberally and amply repays any expense uponit. Even in brine mud 
conditions, bentonites still retain the property of nonpermeability 
and lubrication. 

The natural hazards are sometimes formidable, as the following two, 
not unusual, conditions will illustrate: 

1. A well has reached a high-pressure show that calls for a 4000-lb. 
bottom-hole pressure to kill it. ‘The casing has to be set just above a 
porous bed 1000 to 2000 ft. lower down, which puts up only a 3000-lb. 
bottom-hole pressure. This calls for very careful preparation of the 
mud to ensure safety if the lower bed is penetrated, and close sampling, 
to stop drilling for setting casing, within a narrow range of from 5 to 10 ft. 
necessitated by the formations. Faulting is a normal hazard and the 
most accurate sampling does not do away with the necessity of having the 
mud in a condition to fulfill its function until sufficient data are at 
hand to suspend drilling. 

2. The other instance is penetration of 1000 ft. or so of porous and 
permeable formation that is either gas or oil bearing. 

If heavy mud has to be used to control the upper shows, the increasing 
differential pressure with depth means an increasing tendency to mud- 
ringing. This condition has also been met successfully by the use of 
ample bentonite. 

Very heavy muds (i.e., over 2.0 sp. gr.), however, mean a certain 
amount of unavoidable thickness, in which case scouring of mud sheaths 
using high pumping speeds cannot be employed. 

In one well where pressures were low, and 2000 ft. of continuous 
fractured and porous formation caused severe mud-ringing, a natural 
mud was finally found which was stable at 1.1 sp. gr. when mixed with 
sea water—the only water available. This was pumped at high speed 
and scoured off the thinner part of the rings leaving only a thin cake of 
low permeability on the wall of the hole, which was then kept clean 
enough for drilling to proceed. 

If the mud is too thick as well as too heavy the hole becomes “‘dirty”’ 
as very small fluid losses mean the formation of much very thick rather 


sticky mud on the wall so that a happy mean has to be sought between 
the various extremes. 


Lost CIRcULATION 


Lost circulation is fairly common in fissured limestones. 

In normal conditions where the fissures are not large an effective 
method is to pump down thick mud full of cuttings. 

In more stubborn cases mud and cement mixtures are used with 
effect, the mix being as thick as possible. 
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In semicavernous conditions we have used sand, cement, chopped 
rope, bentonite and small desert bushes, mixed together on the derrick 
floor and made up by hand into thick plastic lumps, inserted by hand 
into the casing on top of a plug, and finally pumped to the spot in 100-cu. 
ft. batches, leaving some in the hole and some in the cavern. Each 
batch was allowed to set for 24 hr. before drilling through. Several 
lots of these “caverns” were met but all were successfully treated by this 
method, in which the proportion of cement used was 1 drum of cement 
to 5 drums of sand. 
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Fic. 3.—VISCOSITY AND SETTLING CURVES. 

The upper curves sloping down from left to right are settling rates against density. 
They represent samples of barite and mud from different sources. The curves sloping 
upward from left to right represent efflux rates against density for Marsh funnel, 500 
c.c. in and 500 c.c. out. 


LABORATORY WORK 


In the laboratory the work is divided roughly into routine and 
research. 


Routine 


This comprises the chemical and physical examination of all mud 
materials contemplated for use, such as commercial materials or materials 
quarried locally. This necessarily involves the recording of the various 
properties in such a manner that easy comparison is possible, quantitative 
results being aimed at. 

The properties examined necessarily vary somewhat with the drilling 
conditions. For normal shallow wells, sedimentation curves and Marsh 
funnel viscosities are often sufficient criteria of suitability and we attach 
a chart, Fig. 3, which we have found useful for presentation of these data. 
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For deep wells bentonite mixtures have to be examined for efficacy 
in saline waters, as we have found that various bentonites on the 
market differ considerably in their stability in brines and it does not 
follow that a bentonite that is most stable in a dilute brine will be most 
stable in a concentrated brine. 

For the examination of mud-ringing properties, both the filter press 
and the centrifuge are employed, the degree of compaction, either under 
filtering conditions or high gravities providing valuable checks on the 
thickness and hardness of the rings to be expected in given conditions. 

Finally, after due investigation of the problem in a particular well, 
it is the function of the laboratory to furnish an exact specification of the 
materials and their proportions which the laboratory recommends for 
employment. The drilling department is constantly consulted on all 
details, and the final mud used necessarily has its approval. 


Research 


This branch of the laboratory’s activities has less bearing on direct 
drilling requirements and deals more with fundamental problems with a 
view to the general improvement of the muds in use, increasing the 
flexibility of control of special properties, and foreseeing and forestalling 
future problems and requirements. 

As a first step in this direction, standardization of measurement of 
mud properties is receiving constant attention. 

Sedimentation and Allied Processes.—Sedimentation has already been 
briefly mentioned. Closely allied to it are compaction and permeability. 
But whereas in pure sedimentation (without coagulation) intermolecular 
and surface-tension forces can generally be neglected, they will obviously 
have a determining effect on both the latter properties. 

A point of interest here is the tendency of certain clays or marls to 
cave or swell into the hole. The conditions are not clearly understood. 
The sediment may have been over-compacted by earth strains and so take 
up water at the wall of the hole with consequent sloughing, or it may have 
water which has been imprisoned and which is in excess, at the pressures 
to which it is subjected, and so swell into the hole when drilling reduces 
the local pressure. 

It is found that certain sediments when compacted in a centrifuge 
will swell again to a greater volume on reduction to normal gravitational 
forces. Which causes are active in wells will no doubt be decided 
by the drilling technique that is found to counteract the difficulty. 

Surface Tension.—Surface tension is a problem that affects the prep- 
aration of heavy muds and the subsequent elimination of air or gas. 
These are troublesome factors in very high-pressure wells, especially with 
barite-brine solutions. 
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Free fall and splashing of the fluid at any part of the circuit is cut out 
as far as possible and the cleaning of the mud is usually done by jetting 
with a mud gun, although vacuum methods were found very effective 
in one difficult case. 

Centrifugal methods are being experimented with. 

Surface tension also constitutes a problem in salvaging brine-shale- 
barite muds and no method is known to us by which the barite may be 
separated out again from such mixtures—even by centrifuge. 

At present the recommended procedure is not to throw the mud away 
when too thick but to keep it for use in some other well where a mud of 
lower gravity is required. 

An interesting experiment in surface tension is the following: Make 
up a thin mix of clay and oil, which will flow readily in small receptacles. 
On sprinkling a small quantity of water on to this and mixing, the fluid 
will rapidly turn into a crumbly mass, which can be sprinkled on the floor 
like moist sand. On further addition and mixture of water, an extremely 
stiff, doughlike mass is formed. Additional water sets up a greasy 
consistency and oil drops begin to separate out. Further additions of 
water soften the grease and set free more oil, until there is a fairly soft 
mud with much free oil. When the process is continued, the mud gets 
thin enough to take up the oil, which disappears into the mud again in 
the form of an emulsion. 

This experiment throws some light on the process of the sealing off of 
oil sands, especially if muddy, by water muds. The process of sealing 
off minor fissures and coarse, porous beds by the employment of hydro- 
philic materials inserted into the fissures in the form of oil mixes, and 
subsequently followed by water muds, can be readily appreciated after 
seeing this experiment. 

Viscometry.—Although as a rough guide of mud quality the Marsh 
funnel is extremely convenient, more precise measures of viscosity are 
rapidly becoming necessary. 

It would appear that the concentric cylinder viscometer must eventu- 
ally find a place in all mud laboratories. Such instruments show clearly 
the essential elements of thixotropy. 

Experimental work to date indicates that if a mud is sheared at a 
steady rate indefinitely, and below the rate at which turbulence sets in, 
it finally takes up steady values for rigidity and viscosity for that rate 
of shear. 

On changing to a higher or lower rate of shear, new equilibrium values 
for the rigidity and viscosity at this new rate of shear are established. 

In practice, considerable time may be necessary with bentonite muds 
to establish stable values for each rate of shear, and the way in which the 
values change during the passage from one stable state to another are 
not yet known, the hysteresis effects being complicated. 
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The important point in practice is to provide a laboratory method for 
estimating static and dynamic frictions of heavy thixotropic muds in 
deep holes where pumping pressures are unavoidably high, and for this 
purpose we have made a concentric cylinder viscometer capable of a very 
wide range of shearing speeds. 

Mechanism of Sealing Fissures.—It has been found in the laboratory 
that, in order to obtain a mud seal in a fissure of given cross section the 
mud must have a certain thickness; otherwise it flows freely through 
the fissure. When once the thickness exceeds a certain value, the differ- 
ential pressure induced at the entrance of the fissure leads to expression 
of water and rapid increase in the thickness of the mud. In this way a 
plug is formed at the fissure entrance, and upon the plug’s surface addi- 
tional pressures merely cause the building up of a larger filter cake. 

A small back pressure usually suffices to remove the plug. 

In practice, the consolidation of broken faulted material near the 
wall of the hole is best achieved by the introduction of a bentonite mud 
that can be forced well back into the formation and left to set. 

With larger fissures the virtual size is reduced by the introduction of 
coarse material into the mud and forcing the whole mass back until 
sufficient degree of consolidation is achieved. 

Emulsions.—Low-gravity drilling fluids of high viscosity are some- 
times desirable, and in the laboratory we have obtained these, using 
oil and water. 

In the presence of lime, however, these have proved unstable and 
further work is needed to overcome this difficulty. In beds without lime 
such a fluid might, however, be useful. 

The emulsion may be obtained with either oil or water in suspension 
by adjustment of the oil cut and by chemical additions to the water. 


BortroM-HOLE PRESSURE REDUCTION Dur To Gas CurTInG 


It is frequently useful to estimate the loss of pressure in a mud 


column due to gas cutting. An approximate formula may be obtained 
as follows: 


Let h = depth in feet, 
P = pressure in atmospheres at depth h, due to mud column only. 


D = hydrostatic pressure in atmospheres of a column of uncut 
mud 1 ft. high. 


p = back pressure at well head (in atmospheres). 


n F . 
Too = percentage by volume of gas in mud at well head at back 


pressure p, in atmospheres. 


Then the pressure 5P exerted by a lamina of thickness 6h at a depth of h 
feet is 


—— 


al 
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Integrating between appropriate limits we obtain 


h= DIP + 799 1086 ‘ema [1] 
ia) 
or, if the well head is open and p = 1 
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in which the necessary values for depth, proportion of gas at the well head, 
and for the depth, can be substituted and the approximate loss in bottom- 
hole pressure calculated. The weight of the gas is of course neglected. 
It will be seen that, if the well head is open to the atmosphere the pressure 
loss at depth is very small, even for a 50 per cent cut mud at the surface; 
but that the total pressure loss at depth increases rapidly with increased 
back pressure. 


DISCUSSION 
(George B. Corless presiding) 


H. H. Pownr,* Austin, Texas.—I am particularly interested in the statement 
made by Mr. Strong that the heaving-shale problem in Iran has caused some concern. 
Inasmuch as the problem is of considerable import in the Gulf Coast district at this 
time, I think that we should communicate with the engineers of foreign operators in 
order to learn of methods employed which may be applied to our local situation. I 
assume that the types of heaving shale in Iran are as varied as they are in the Gulf 
Coast district. I+ is evident that some attempt is made to prevent hydration of the 
shales and a consequent swelling of those carrying bentonites. It is also assumed that 
the waxy types of shales that heave, like plastic flow, are also present in Iran. A 
method of controlling such shales under high pressures should be ascertained in an 
effort to improve the present situation in hazardous areas on the Gulf Coast. 


T. A. Potuarp,t San Francisco, Calif—On the Island of Bahrein recently a 
1200-ft. section of very porous limestone, containing high-head salt water, was drilled 
without circulation. Sufficient salt water (from the same zone in another completed 
well) was pumped into the drilling well to keep the cuttings moving away at all times 
into caverns in the formations being drilled. No difficulty in drilling was experienced, 
as contrasted with previous prolonged and expensive attempts to maintain circulation 
by cement jobs, chemical mud control, and the pumping of such materials as balled 
cement sacks into the porous zones. 

; [See page 616 for author’s reply.] 
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Development and Production Problems in High-pressure 
Distillate Pools 


By E. V. Foran* 


(San Antonio Meeting, October, 1938) 


Amona the many newer disclosures that have accompanied the 
petroleum industry’s progressively deeper exploratory drilling is the 
increased frequency with which the operators are encountering reservoirs 
of which the products at the time of discovery exist wholly or predomi- 
nantly in the gas phase. The popular term ‘‘distillate pool” is most 
often used within the industry when referring to this type of reservoir, 
and in this paper the term is used in that sense. These pools have been 
observed in many different surroundings. In some places the entire 
reservoir is filled with the wet gas containing its water-white condensible 
products in the gas phase but apparently with no dark oil or other 
hydrocarbon liquids in the reservoir. The 8200-ft. horizon in the Big 
Lake field in West Texas is a good example of this type. At other places 
the wet, or distillate-bearing, gas may form a large gas cap directly 
overlying and in contact with an extensive reserve of dark oil. Oklahoma 
City, Kettleman Hills, the 8500-ft. horizon in the Big Lake field, and 
many others are examples of this type. There are also many places in 
which the wet distillate-bearing gas fills nearly the entire reservoir space, 
while the dark oil occupies only a narrow, bandlike zone, which marks 
the boundary of the reservoir along its lowest productive contour. 

The heavier components of these deep pool gases are generally water 
white in color, a large portion of which are condensible in a conventional 
oil and gas separator, when operated under pressures of the order of 400 
to 800 lb. per sq. in. Although the water-white products recovered in 
the separator sometimes have end points of 650° F. and higher on standard 
Engler distillation, they occur only in the gas phase in the reservoir. It 
is entirely possible that even some small amounts of dark colored reservoir 
components may occur in the gas phase when the temperature is 300° F. 
and pressures exceed 6000 lb. per sq. in. Close approaches to these 
conditions have been encountered in the deepest producing wells. 
The condensible content of the deep reservoir gases of the many pools 
that have been tested or produced to date shows a wide variation in both 
condensible content, per 1000 cu. ft. of gas, and physical character. 


Manuscript received at the office of the Institute Oct. 18, 1938. Issued as T.P- 
1023 in PerRoLEUM Trcunoxoey, February, 1939. 
* Consulting Engineer, Parker, Knode, Forari-and Boatright, Austin, Texas. 
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Apparently, also, little consistent relationship exists between reservoir 
temperatures and pressures of the different pools. The variation in the 
condensible content of the reservoir gases of several pools examined by 
the writer indicates a spread of from 0.45 gal. per 1000 cu. ft. of gas to 
as high as 4.4 gal. per 1000 cu. ft. of gas. The depths at which these 
distillate-bearing gas reservoirs were encountered varied from 4000 to 
9000 ft., and temperatures varied from 145° to 235° F. 

As an example of extremes in content occurring in two reservoirs 
having depths of 8500 and 8000 ft., respectively, it is interesting to note 
that one had an initial content of 4.4 gal. per 1000 cu. ft. and the other 
0.7 gal. per 1000 cu. ft. It is obvious that conditions as variable as these 
may present the operator with two development problems entirely unlike, 
each requiring a program peculiar to its own surroundings. If the 
figures for relative condensible content shown above as gallons per 1000 
cu. ft. are expressed in terms of expected recovery per acre-foot of gas- 
saturated formation, it indicates, for a fully saturated sand or lime 
formation of 25-ft. thickness and 25 per cent porosity an expected 
ultimate recovery of approximately 900 bbl. per acre from the reservoir 
of which the content was 0.7 gal. per 1000 cu. ft., and approximately 
5750 bbl. per acre for the 4.4 gal. per 1000 cu. ft. content. It is the 
writer’s opinion that the reservoir containing the 900 bbl. per acre 
recoverable reserve at 8000 ft. would not justify a development program 
with well spacing of more than one well to 320 acres, whereas the reservoir 
showing a content of 5750 bbl. per acre may support a program of one 
well to 120 acres. The thickness of the gas-saturated sections of the 
deeper distillate pools has shown a range from a minimum of 15 ft. to a 
maximum of 400 ft., but the initial condensible contents of the gas 
throughout the vertical and horizontal limits of the reservoirs are 
remarkably uniform. 


PHYSICAL CHANGES IN THE RESERVOIR 
FoLLowINnG DEVELOPMENT 


Although the reservoir contents of the distillate type of pool may all 
be in the gas phase at the time of discovery, they do not long remain so if, 
during development, an appreciable decline in reservoir pressure takes 
place. Some of the heavier hydrocarbon vapors, a large portion of which 
lie within the range of motor-fuel fractions, will condense or precipitate 
in the reservoir as the. pressure is lowered, even though no change in 
temperature takes place. In this respect the deep high-pressure reser- 
voirs of wet gas react to pressure decline in a manner exactly opposite to 
that of the shallower wet-gas reservoirs whose contents are composed of 
more volatile contents than the deep pools. This phenomenon is known 
as “retrograde condensation” and has been a subject of considerable 
research. The fundamental principles governing retrograde conden- 
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sation of hydrocarbons are covered in a report by Dr. W. N. Lacey 
and associates. 

It follows, then, that any mode of development or operation that 
results in a decline in the reservoir pressure will have proportionate effect 
on the ultimate recoveries of the condensible contents of the reservoir. 
The rate at which the pressure decline takes place will have no bearing 
on the extent of condensation within the reservoir, a slow progressive 
drop having the same effect as a rapid drop if the ultimate pressure 
change is the same in each case. While it is true that slight temperature 
changes within the reservoir may take place during the course of pressure 
decline within the reservoir, they are of no importance in their effect on 
condensation except possibly in the immediate vicinity of the well bore. 


TaBLE 1.—Reactions through Pressure Change of 450 Pounds at Constant 


Temperature 

Test No. 1 

Separator pressure, lb. per sq. in......... 1,725 

Separator temperature, deg. F........... 60 

Daily rate gas flow, cu. ft...............| 3,480,000 

Daily rate liquid recovery, bbl........... 49. 

Gravity of liquid, deg. A.P.I............ 68. 

Englerdistillation, I°'8.P...7.......0.... 86 

110 

129 

158 

182 

206 

230 

257 

289 

329 
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The manner in which the condensation takes place in the reservoir is 
a matter of interpretation, but it seems reasonable to believe that it 
occurs throughout the porous section of the reservoirs. It results in the 
wetting of the sand or lime surfaces surrounding the pores of the for- 
mation, but the quantity is too small to produce enough liquid to gravitate 
downward into the lower sections of the sands and concentrate there as 


1 References are at the end of the paper. 
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a free liquid, except in the immediate area of the well bore, where, of 
course, this is entirely possible. The fact that the potential liquid 
condensate in a sand 25 per cent porosity varies from approximately 20 
bbl. per acre-foot to not over 150 bbl. per foot will serve to explain why 
any condensation that takes place in the reservoir other than that at the 
immediate well bore will not be recoverable except by methods of induced 
secondary saturation by means of recycling residue gas. 

It may also be concluded from observations that the first products 
to condense in the reservoir will be composed of the heaviest components 
of the gas; gradually the condensate becomes higher in gravity as the 
pressures progressively decline. However, even the initial and heaviest 
condensates that form as a result of the early pressure drop in the reser- 
voir will carry with them small amounts of the lighter fractions. This 
aspect of condensation in the reservoir may be partly illustrated by 
observing the character of retrograde condensation in high-pressure 
separators. This is readily accomplished by passing a well-head flow 
stream of constant composition through the separator and observing the 
results while the separator pressures are varied through a range of from 
1000 to 2500 lb. per sq. in. with constant temperature at the point of 
separation. Table 1 shows examples of the various reactions through a 
pressure change of 450 lb. at constant temperature. Although the 
pressure drop alone resulted in an increase of more than 30 per cent in 
the liquid precipitation, some of the light fractions also condensed. 


PRODUCTION AND ULTIMATE RECOVERIES 


On completing a first or discovery well in one of the distillate pools, 
the operator is confronted with the fact that the products in the reservoir 
are in a single phase, the gaseous state, but at the surface become two- 
phase, with both gas and liquids present in the separator. If, upon 
limited subsequent drilling of the new pool, no dark oil is discovered, it 
may become necessary to study a development and operating program 
from a purely local viewpoint. In most cases no market outlet for gas 
is available, and development and production must be justified solely on 
the basis of income to be derived from the marketing of reservoir products 
that are recoverable as liquids on the surface. 

When it is borne in mind that the various distillate reservoirs having 
an average porosity of 25 per cent and a pressure of 2500 lb. per sq. in. 
contain an initial reserve of from only 20 to 150 bbl. of condensible 
products per acre-foot, it can be readily seen that development must be 
restricted proportionately. The relative values of the residue gas and 
recoverable condensible products in the reservoir will vary greatly as 
among pools. Assuming the value of residue gas to be 4¢ per 1000 cu. 
ft., it would indicate that in practically all cases where the condensible 
content of the gas exceeds 1.5 gal. per 1000 cu. ft., or 36 bbl. per million 
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cubic feet of gas, the value of the condensible products in place or on 
the surface exceeds that of the residue gas. If, in the absence of a 
market for the residue gas, it becomes desirable to develop and operate 
the property, it will be necessary to return the residue gas to the same 
reservoir from which it came. The gas must be recycled for the sole 
purpose of increasing the ultimate recovery of condensible gases from 
the reservoir; the recycling will, of course, in no way affect the ultimate 
recovery of the residue or fixed gases from the reservoir. 

The well-spacing program for a distillate property should be virtually 
the same as for the conventional ‘‘dry” gas pool, with the possible 
exception of one difference. A sound development program for the 
distillate type of pool calls for a high order of pressure maintenance by 
recycling the residue gas; this procedure assures a proportionately high 
order of sustained potential open flow for the producing wells and there- 
fore is even better suited to a very wide spacing program than a dry gas 
pool.2 For gas pools with low condensible content, it is imperative that 
wide spacing be adopted in order to render them commercial projects. 

From the well-established fact that precipitation or condensation 
within the reservoir takes place as a result of pressure drop alone and in 
such insufficient quantities that concentration in the sands as a recover- 
able liquid is negligible, it is obvious that a development program of 
close well spacing will not increase the ultimate recovery of the con- 
densible products of the reservoir. This fact holds true even for pools 
having the highest condensible content yet discovered. This same fact 
indicates definitely that all gases subject to retrograde condensation 
within the reservoir must be recovered from the reservoir in the vapor 
phase only. 

The quantitative degree to which condensation or precipitation is now 
taking place within many distillate reservoirs as a result of normal 
pressure decline has not been observed or studied sufficiently for precise 
evaluation, since only one or two cases are known to the writer in which 
the pressure decline within the reservoir has been studied sufficiently to 
measure the extent of such precipitation. 

Probably the best example of this type is that of the 8200-ft. horizon 
in the Big Lake pool, Reagan County, Texas. The initial reservoir 
pressure in this pool (1929) was approximately 2270 lb. per sq. in., the 
temperature being 173° F. The initial recovery of condensate or dis- 
tillate in the separator varied from 36 to 38 bbl. per 1,000,000 cu. ft. 
(1.51 to 1.60 gal. per 1000 cu. ft.). This reservoir apparently contained 
no ‘dark oil and no salt water, and was subnormal in initial pressure for 
this depth. During the development and operation of this property, a 
normal, slow, reservoir-pressure decline took place, and the last gas well 
completed in this formation was in March 1933, at which time the 
recoverable content in the separator varied from 28 to 30 bbl. per million 
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cubic feet at the reservoir pressure of 1225 lb. per sq.in. The difference 
in the condensible content of the gas produced from this reservoir during 
the past eight or nine years is due solely to the reservoir-pressure decline, 
‘which was accompanied by precipitation within the formation, all of 
which took place as a result of retrograde condensation, since the reser- 
voir temperature remained constant. The gravities of the liquids 
recovered in the separator have shown a progressive rise from an initial 
of 61° to 63° gravity A.P.I. (1929) to a present gravity (1938) of from 
73° to 75° A.P.I., the difference being accounted for as a result of the 
precipitation of the heavier components within the reservoir. The dis- 
position of the gas from this reservoir has been in strict accordance with 
the highest conservation practices since it has been serving light and fuel 
needs during the past several years. However, the disposition of the 
residue gas from any reservoir of this type to extraneous points, whether 
on the surface or subsurface, would have no bearing on what takes place 
within the reservoir from which the gas is taken. Situations similar to 
the example given above are occurring in many other pools, from which 
the gas may even be used exclusively for light and fuel. In general, 
precipitation within the reservoirs of distillate pools during the course of 
pressure decline will vary with the richness of the condensible content 
and the amount of pressure decline. The amount, and not the rate, of 
pressure decline is the controlling factor in reservoir condensation. It 
will be recognized by all operators that a small degree of pressure decline 
within a gas pool is unavoidable in the ordinary course of development 
and operation, but the necessity for keeping the pressure decline as low 
as possible until the condensible products of the reservoir have been 
removed is of primary importance. 

In all pools of the distillate type, it will be of great advantage to 
complete the wells with large-size casing set on top of the producing for- 
mation, and to expose as large an area as possible in the well bore, so 
that, for any given rate of flow the pressure gradient immediately adjacent 
to the well bore will be reduced toa minimum. A large-diameter casing 
with a large-diameter well bore will accomplish this. . With this type of 
well completion, it is possible to deliver the gas from the reservoir to 
the well bore with pressure drops of only a few pounds below the shut-in 
reservoir and at rates of flow up to the full open-flow capacity of 2-in. 
tubing. This practice will reduce proportionately the amount of local 
precipitation around the well bore, which may take place to some extent 
where much of the formation has been cased off and the casing perforated. 
The only justification for perforating the casing would be where oil is 
suspected in the lower portion of the formation, and it is desirable to 
exclude the gas from the higher portions of the well bore. Should oil 
production not be developed in these places, and the well be used as a 
gas well, the latter is practically certain to be of secondary quality. 
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One well of this type was subjected to high-pressure condensation 
tests at various rates of flow, and it was observed that at rates of flow of 
even considerably lower than tubing capacity condensation took place 
within the reservoir, evidently near the well bore, which was evidenced 
by the fact that at very low rates of flow the end point of the products 
recovered in the separator was 465° and at rates of flow considerably 
lower than tubing capacity the end point of the separator products had 
dropped to 430°, all tests being carried out at constant temperatures and 
pressures. In all other wells in this same sand in which the casing was 
large and set on top of the sand or producing formation, the end point 
of the products recovered under the same separator pressure and temper- 
ature conditions showed no change at any rates of flow up to the full 
tubing capacity. The contrast observed in these two tests might possibly 
be owing to the fact that the perforations in one casing, which were 
confined to the very base of the well, were opposite a section of the sand 
known to be shaly and therefore offering a high resistance to the passage 
of gas into the well bore from the formation in the immediate vicinity of 
the well. There is also the possibility of an additional hazard in this 
type of completion resulting from the precipitation of fresh water from 
its vapor phase in the reservoir. If any of this water should wet sands 
of low permeability these would then offer still higher resistance to the 
passage of gas through them. The percentage of fresh-water condensate 
observed in the separators from distillate pools varies in general from 1 
per cent to as high as 3.5 per cent of the condensible hydrocarbons, and 
the greater portion of this fresh-water condensate is precipitated before 
the products arrive at the surface. 

The preparation of the input well to receive the residue gas from the 
compressors and transmit it to the formation is not likely to offer diffi- 
culties if it is completed with 85¢ or 95¢-in. casing which has been set 
on top of the sand. The location of the input wells preferably should be 
remote from the output or producing wells. The use of wells in which 
the gas sand has been cased off on completion, followed by perforating 
the casing, are wholly unsuitable as input wells and, with possibly rare 
exceptions, will lead to costly troubles. The same statement applies to 
any gas wells completed in the conventional manner with small casing. 

Since all observations and data compiled to date indicate that pre- 
cipitation of vapor-phase products within the reservoir is the result of 
pressure decline alone, it is evident that the only means of neutralizing 
the objectionable effects of such decline lies in the adoption of a plan 
whereby the recycling of the residue gas may be carried on coincident 
with development and producing operations and be continued until such 
time as the unstable distillate-bearing gases have been wholly or partly 
displaced by the returned residue gas. In pools in which a considerable 
precipitation has already taken place in the reservoir prior to the insti- 
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tution of a pressure-maintenance program, it is entirely probable that 
the return of the residue gas to the formation will serve as an agent of 
secondary saturation, whereby the previously precipitated products that 
are distributed or dispersed uniformly throughout the pore spaces of the 
entire reservoir may be re-vaporized and thus become recoverable. As 
yet, there are no quantitative figures as to the extent to which this process 
is taking place in operations now under way. If the recycling process is 
instituted too late in the life of the pool, there is little possibility that the 
return residue gas will be able to effect a re-vaporization of the extremely 
heavy ends which had precipitated at pressures high above those main- 
tained by recycling during the later life of the pool. Observations and 
study, both in the field and in the laboratory, of the character of retro- 
grade condensation at high pressures strongly support this opinion. 


NEcESSITY OF UNITIZED OPERATIONS 


Although unitized operations offer many advantages in all types of 
oil and gas development and production, it will no doubt accomplish its 
greatest contribution to subsurface conservation when applied to the dis- 
tillate type of pools. Even the strongest critics of unitized operations 
will scarcely differ with this opinion if all the factors are considered. For 
oil production, the small tract of land may be developed independently 
and operated in an efficient manner within itself, but for recycling oper- 
ations the small tract is totally unsuitable to independent operation, both 
from a standpoint of physical impossibilities and nonjustification of 
development expense. As a result of reservoir-pressure decline, pre- 
cipitation takes place progressively on the small tracts just as well as on 
the large tracts, but the small tract cannot afford the installation of the 

_necessary equipment to maintain its pressure independently, and there- 
fore must depend upon the maintenance of pressure through some 
cooperative means. It is barely possible in the few cases in which the 
reservoir is extremely rich in condensible contents that tracts as small as 
160 acres might operate recycling operations independent of others, but 
this is very doubtful. 

A study of the recoverable contents per acre-foot in the reservoir will 
indicate at once that well spacing must be very wide if commercial success 
is to be attained, and that the overdrilling of any gas reservoir will 
contribute nothing in the way of increased recoveries and may burden 
the operations to the extent that many failures will result from poorly 
planned development. Unitization is required in this case to eliminate 
unnecessary drilling. Although its difficulties are well known and recog- 
nized, it is almost imperative that it be accepted in the planning of 
projects where small tracts exist in pools primarily of distillate character, 
unpopular as it may be in some quarters. 
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Errects ofr Btowouts IN DISTILLATE POOLs 


It is an accepted fact that in any distillate pool constant reservoir- 
pressure decline if uncontrolled results in widespread subsurface physical 
waste, which is not limited to any restricted section of the pool. Out- | 
wardly, it would appear that the damage inflicted upon the field subjected 
to the uncontrolled output of wild or blowout wells would be more or less 
confined to the local area of the blowout, and not be the concern of those 
in the pool who are remotely situated from the center of disturbance. 
On a closer study of the reactions of blowouts in the light of what is 
known with respect to retrograde condensation, it is practically certain 
that the damage these wild wells are capable of inflicting upon the high- 
content distillate pools is very much greater than their outward appear- 
ance would indicate; often the additional subsurface damage may 
approach losses equal to those of the waste to the air. The resultant 
subsurface losses, which are distributed to some degree in every part of 
the pool, should be made the serious concern of every operator within a 
pool, regardless of his proximity to the disturbance. 
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DISCUSSION 


(Hugene A. Stephenson presiding) 


L. 8. Rerp,* Oklahoma City, Okla. (written discussion).—During the past year, 
the writer has had the opportunity to study the productive characteristics of con- 
densate-producing wells in a number of pools in the Texas-Louisiana Gulf Coast 
region, using both the usual high-pressure separator equipment and small-scale experi-- 
mental apparatus designed to control the pressure and temperature variables that are 
prevalent in investigations of this kind. 

In reply to the question of whether or not the optimum accumulation pressure 
can be raised by lowering the separator temperature, our data indicate that this 
pressure, at which maximum liquid accumulation is obtained, does not vary for a 
given hydrocarbon system when the temperature is varied between 50° and 100° F.; 
the temperature limits to which our investigations have been confined. Normal 
vaporization accompanies a pressure decrease and retrograde vaporization accom- 
panies a pressure increase above this point; resulting in decreased accumulation in 
either case when this pressure variation is carried out under constant temperature 
conditions. Therefore, it seems evident that for every hydrocarbon system of the 
type under consideration here, there will be found one particular pressure at which 
both normal and retrograde condensation reach a maximum and the volumetric 
quantity of the liquid accumulated at this pressure will vary inversely with the tem- 
perature. Thus, it is seen that the accumulation resulting from operating the first- 
stage high-pressure separator at 1200 Ib. per sq. in. and 70° F. might be equal in 
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volume to that obtained from operating at an optimum pressure of 1000 lb. per sq. in. 
and 80° F., but would be less than that obtained at 1000 lb. per sq. in. and 70° F. 
Correlation of our observations indicates that the pressure of optimum accumulation 
is a function of the well-stream composition. These pressures have been found to 
range from 800 to 1200 lb. per sq. in. gauge for well streams having a recoverable 
liquid content ranging from 8 to 25 bbl. per million cubic feet of gas. 

It is the writer’s opinion that the term ‘“‘condensible content,”’ as employed by 
Mr. Foran, should be clarified in future discussions. Obviously, the volume of liquid 
accumulated at high pressure and atmospheric temperature, say in the order of 
1200 lb. per sq. in. and 75° F., will be much greater than the residual liquid volume 
after the pressure has been reduced to atmosphere, especially since the combined 
methane, ethane and propane content of the accumulated liquid will constitute from 
10 to 20 per cent of the total liquid volume. Moreover, the manner in which the 
accumulated liquid is stabilized to atmospheric conditions should be designated. 
Extensive research has shown that very substantial increases in stable condensate 
recovery may be obtained by means of multistage pressure reduction and separation, 
when compared to the recovery resulting from subjecting the accumulated liquid to 
flash vaporization by means of a single pressure reduction to atmosphere. It is sug- 
gested that the recovery obtained from single-stage pressure reduction to atmosphere 
be established as a basis for evaluating the recovery efficiency of stage separation 
or other stabilization systems; using the term “‘condensible content”’ to designate the 
liquid accumulation obtained from high-pressure gas-liquid separation in the retro- 
grade region. 


D,. T. MacRoserts,* Houston, Tex.—We have been giving the problem of well 
spacing in dry natural gas fields considerable study during the past year and we feel 
that a satisfactory conclusion has been reached. ‘The addition of the recycling oper- 
ation to this problem, while influencing it in certain ways, does not obviate the con- 
clusion that the problem remains primarily one in economics; however, a new angle 
is given to the problem in recycling by the necessity of determining not only the 
number of wells, but the necessary geometrical spacing to avoid shielding effects and 
the occlusion of wet gas within the reservoir. We feel, however, that the problem is 
subject to mathematical analysis and hope to do some work eventually on the number 
and pattern of the wells that will yield an optimum income to the operator. 


F. Parren,{ Austin, Texas.—We have conducted tests on the products of wells 
in a number of condensate or distillate pools in Texas, which have shown that the 
products of these wells leave the sand in the gas phase. At most, only a trace of a 
liquid phase could have been present at the time the fluids left the reservoir. 

Our investigations have corroborated Mr. Foran’s statement that reduction in 
pressure will result in the condensation of an appreciable part of the heavier hydro- 
carbons. Although it is not possible to calculate accurately the magnitude of the 
loss that will result in a particular field, we do know that it will increase as wells are 
drilled to greater depths, and condensate pools are encountered having higher virgin 
pressures, unless the pressure is maintained by gas recycling or by the introduction of 
water on the flanks of such fields. 


R. L. Huntrneron, t Norman, Okla.—Mr. Foran has presented a complete picture 
of what may be expected to happen within the distillate reservoir itself as it is pro- 
duced from year to year. There are several problems with which the industry will be 


faced when it comes to the production of distillate at the surface of the ground. 
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Recent experimental work at the Univeristy of Oklahoma indicates that a stage-pres- 
sure ratio of 4.5 to 1 is the optimum ratio for the production of the maximum amount 
of liquid at atmospheric pressure. By ‘‘stage-pressure ratio” is meant the relation- 
ship of the pressure of any one separator to the pressure of the next lower separator 
in the series. For example, a three-stage setup with atmospheric on the low-stage 
separator would call for 14.7 by 4.5, or 66 lb. absolute, for the intermediate separator 
and 66 by 4.5, or 297 lb., on the high-stage separator. In the selection of the number 
of separators for any battery, however, an economic balance should be made between 
the cost of the additional separators over and against the increased recovery resulting 
from such additions. 

Freeze-ups resulting from the formation of gas hydrates are causing no small 
amount of concern to operators that are producing distillate wells at temperatures of 
60° F. and lower. These hydrates have been found to consist of combinations of water 
and hydrocarbons that have melting points considerably higher than that of pure ice. 
This problem calls for more research on the physical properties of these hydrates as 
well as preventive measures to be taken in eliminating their formation. 


Core Analysis 


By Howarp C. Pyie* anp Joun E. Suersorne,{ Junior Memper A.I.M.E. 


(San Antonio Meeting and Los Angeles Meeting, October, 1938) 


Corz analysis is a recent development in the field of petroleum 
technology. The earliest work on this subject was done in connection 
with evaluating and planning secondary oil recovery by water-flooding. 
Present-day analysis of sands of flush fields requires new and independent 
interpretations of the data provided by cored material. Particular 
attention is being paid to the development of rapid, routine methods for 
measuring physical characteristics of sandstone, such as permeability, 
porosity and grain size, as well as the sand’s fluid content. 

Permeability may be defined as the fluid-passing capacity of a rock. 
For a sandstone to be permeable it must be possible to pass a measurable 
quantity of fluid through the material in a finite period of time. The 
common unit of permeability is the darcy, which may be. defined as 
the rate of viscous flow, in milliliters per second, of a fluid of one centipoise 
viscosity through a porous medium having a cross section of one square 
centimeter, under a pressure gradient of one atmosphere (76.0 cm. Hg) 
per centimeter.! For convenience the subunit millidarcy, or one-thou- 
sandth darcy, is often used. Porosity is defined as the fluid-containing 
capacity of a rock and is usually expressed as a percentage ratio of the 
total pore volume to the rock or bulk volume. Since measurement of only 
the effective or communicating pore volume is often made, porosities are 
distinguished as total or effective.?? Net effective porosity is defined as 
the net pore volume available for oil and gas. Oil and water content of 
sand is measured and expressed either as the percentage saturation of the 
total pores or of the bulk rock. The oil content may also be expressed as 
the percentage saturation of the net effective pores. . 

In connection with water-flooding, methods of core analysis were 
developed to furnish data that could be used in determining the quantity 
of recoverable oil,4~* and the probable rates at which various sands or 
divisions of a sand open to the wells would take water or produce oil. 
In flush fields, the analytical data are used to predict the productivity of a 
cored interval. They indicate the presence of oil, gas and water and may 
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differentiate the relative productivity of these fluids.7~® By application 
of such information water and excessive gas may be excluded from the 
production of a well. When cores are analyzed to determine the relative 
productivity of a cored interval, the tests should be completed as rapidly 
as possible so that operations at the well are not delayed. When an 
electric log of a cored interval is to be made, it is desirable to have the 
core analyses completed and graphically recorded by the time the electric | 
log is available, so that one record may supplement the other. 

Porosity, connate water and nonrecoverable oil and gas are deter- 
mined by core analysis. These factors are necessary in connection with 
volumetric estimations of oil and gas reserves,’ and are obtained by core 
analysis.!° In addition, special uses of the data are being devised. 


Corr SAMPLING AND COLLECTION OF WELL DATA 


The sampling of cores is a very important part of core analysis. 
Where the fluid content of the core is to be determined, it is important 
that the samples be taken as soon as possible in order that evaporation 
and core contamination by water from the drilling fluid be reduced to 
aminimum. If sampling is impracticable at the time the core is removed 
from the well, the best practice is to leave the core in the core barrel 
until it can be sampled. The mud sheath encompassing the core is not 
removed until the sampling is started; it is then scraped from the core, but 
never washed off. 

Representative samples of cores may be collected either by systematic 
sampling at regular intervals or by sampling every visible change in 
sand character, intermediate samples being taken in the thick, homo- 
geneous sands. The procedure used in sampling should dictate the 
method of averaging the results obtained. Where the samples have been 
taken at regular intervals, the test results can be arithmetically averaged. 
However, where the sampling procedure was dependent upon variations 
in sand texture, analytical results must be averaged by weighting. As 
the samples are taken from the core trays they are protected against 
evaporation by wrapping in lead foil and sealing in tins. 

In addition to the core samples, it is desirable to have representative 
samples of the mud used while coring, and of the oil and water produced 
from the interval cored. These oil and water samples are often obtain- 
able from adjacent wells or from the well itself if subsequently produced. 
It is usual practice to record the casing, liner and completion records, as 
well as the initial production, bottom-hole pressure and temperature, 
and productivity index of the well. Other pertinent information includes 
zone or field average initial production, bottom-hole pressure and 
specific productivity index. 
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HaANpDLING SAMPLE IN LABORATORY IN PREPARATION 
FOR INDIVIDUAL TESTS 


In the laboratory the samples are divided for the various tests as 
they are removed from the sealed containers. Ordinarily a division into 
three parts is made; one for fluid content, one for permeability and 
porosity, and one for determination of salinity. Any excess of core 
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Fie. 1—RETORT OF SATURATION APPARATUS. 


sample is returned to the sealed container to be preserved for future check 
or special tests. The sample set aside for salinity determination may also 
be used for grain sizing!!* and petrographic classification.1” 

The sample for determination of fluid content is handled first, and 
as rapidly as possible. It is broken down to pieces 0.5 cm. or less in 
cross section, and placed in a retort (Fig. 1). Satisfactory results are 
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usually obtained with retort charges of 150 grams. For the salinity 
determination a core sample of about 100 grams is reduced to grain size in 
a mortar or on an assay bucking board, placed in a 200-ml. flask, and 
dried in an oven for at least 2 hr. at 200° F. 
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Fig. 2.—DIAMOND DRILL. 


The sample to be used for permeability and porosity determinations 
is dimensionally sized in a manner determined by its character. If the 
sand is sufficiently consolidated to permit, a small core made with a 
— 34-in. dia. diamond drill (Fig. 2) is taken from it. However, if the sand is 
too friable for the diamond drill, a rectangular parallelepiped is cut from 
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it by use of either a knife or a hack-saw blade. Further trimming of this 
sample may be accomplished by the use of a wire brush rotating at high 
speed. The finished sample should have a volume approximately equal to 
a diamond-drilled sample 1 in. long, whenever possible. Except in special 
cases, samples for permeability determinations should be taken from the 
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Fic. 3.—PERMEABILITY CORE HOLDER. 


cores in such a manner that the air flow of the test can be made parallel 
to the depositional bedding plane of the sand. 

Preparatory to the permeability and porosity determinations, the 
diamond-drilled sample is placed in a snug-fitting, tapered, Thyokol 
“stopper” and clamped in a core-holder cell (Fig. 3) for leaching and 
drying. The leaching and drying apparatus consists of a manifold system 
in which the temperature can be controlled, which first permits the cir- 
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culation of hot carbon tetrachloride and then hot dry air (Fig. 4). Expe- 
rience has shown that samples can be satisfactorily leached and dried in 
30 min. by this process when the apparatus is maintained at 150° F. and 
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Fig. 4.—LEACHING APPARATUS. 


with a differential pressure of 50 Ib. per sq. in. across the sand. The hand- 
trimmed permeability sample is mounted with sealing wax within a brass 
tube, which replaces the Thyokol “‘stopper,”’ core holder, and compression 
ring of the permeability cell. It is leached and dried in a manner similar 
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to that used for the cylindrical samples, except that the apparatus is 
maintained at room temperature. After permeability has been measured, 
the wax mounting is removed and the sample is tested for porosity. All 
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Fic, 5.—SATURATION APPARATUS. 


samples are kept in a desiccator after leaching and drying until used for 
determinations. The carbon tetrachloride used for leaching these test 
samples is collected and reclaimed by distillation. Fig. 4 includes a 
flow diagram of this distillation apparatus. 
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CORE ANALYSIS 


INDIVIDUAL TESTS 


Saturation 


Heat is applied to the charged retorts with a Bunsen flame (Fig. 5) 
so that the sample in the retort is kept at a temperature of from 350° to 
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Fic. 6.—CENTRIFUGE TUBE OF SATURA- 
TION APPARATUS. 


400° F. for 40 min., during which 
time all of the water and all but the 
heaviest fractions of the oil are dis- 
tilled out of the sand. Following 
this the retort temperature is raised 


to about 1100° F. and maintained 


there for at least 20min. The con- 
densate from this distillation is 
collected in a special centrifuge tube 
(Fig. 6). A calcium chloride tube 
is kept at the top of the condenser 
to prevent the influx of water with 
the air that is drawn into the 
system when the retort cools. 
After a few minutes has been 
allowed for drainage and cooling, 
the material‘still held in the con- 
denser is swabbed down into the 
centrifuge tube. If the oil-water 
interface is within the graduated 
portion of the tube, the distillates 


are centrifuged until all of the drops — 


on the sides of the tube are collected 
with the liquid at the bottom and a 
sharp boundary exists between the 
oil and water. If the oil-water in- 
terface is below the graduated 
portion of the tube, water is added 
from a burette to bring the liquid 
level to a readable position before 
centrifuging. When cool, the sand 
in the retort is transferred to a 
light-weight crystallizing dish and 
weighed. 

Certain volumetric and gravi- 
metric corrections are applied to the 


distillation data. The sand loses water of crystallization and carbon 
dioxide, and some of the oil in the sand is lost because of cracking and 
coking. Reduction of sand weight by loss of water of crystallization and 
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carbon dioxide is seldom as high as one per cent. Carbon deposited from 
coking is seldom more than 10 per cent by volume of the oil, and since the 
total mass of the oil is usually less than 5 per cent of the sand mass, 
the resultant increase in sand weight is usually less than 0.5 per cent. 
These gravimetric corrections are partly compensating and of small 
magnitude, therefore they are usually disregarded. 

Retort and condenser are calibrated by mixing measured volumes of 
oil and water in varying proportions with a given weight of spent sand and 
measuring the recovery. A large number of such tests using oils of vary- 
ing types and covering a wide range of gravity show complete recovery of 


OIL RECOVERED 


4 6 
OIL CHARGED ML 
Fia. 7.—SATURATION RETORT CALIBRATION. 


water and a recovery of oil varying with its gravity (Fig. 7). With a 
decrease in gravity, less oil is recovered during the distillation. This is 
explained by the presence of heavier hydrocarbons and the consequent 
greater coking. With the lighter oils, the recovery is more uniform over a 
wide range of gravity; however, the extremely light oils give somewhat 
lower recoveries because of escape of the more volatile constituents. 
While the amount of water of crystallization is negligible as com- 
pared with the weight of sand, it is of decided importance in its relation 
to the volume of water recovered from the pore space. When sands 
have low porosities and are composed of minerals containing relatively 
large quantities of associated water, the errors introduced by ignoring 
water of crystallization may amount to as much as 25 per cent of the inter- 
stitial water. Fortunately, this occurs only in extreme cases and, in 
general, the water of crystallization forms only about 6 or 6 per cent of the 
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total water recovered. It has been found that the composition of sands 
from a particular zone or horizon is sufficiently uniform to make unneces- 
sary the determination of the water of crystallization for more than 10 per 
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Fic. 8.—PERMBEAMETER. 


cent of the samples tested. The use of these data will, in all probability, 


result in a deviation of less than one per cent from the actual amount of 
interstitial water. . 
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Permeability 


Apparatus for measuring permeability is illustrated in Fig. 8. The 
core holder was designed to take samples of 34-in. diameter and 1 in. long, 
or rectangular parallelepiped samples having about the same volume as 
the cylindrical ones. The design of the air-flow meter allows for measure- 
ment of permeability of from 1 millidarcy to 10 darcys, with a higher 
range of 50 darcys not now used. This apparatus is calibrated by 
placing a plug in the core holder in such a manner that varying quantities 
of air are passed through at given upstream pressures. This flowing air 
passes through the flowmeter and is then caught in an inverted graduate 
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at atmospheric pressure by water displacement. The amount of air 
caught in a given interval of time is related to the differential pressure 
across the capillary of the flowmeter. Taking into consideration the 
temperature of the air and the barometric pressure while calibrating, 
curves are drawn (Fig. 9) for cylindrical samples of the standard size for 
air at a temperature of 68° F. (20° C.). Additional curves have been 
constructed to correct permeability when dimensions of cylindrical 
samples deviate from the standard size. A change in air temperature of 
10° F. results in approximately 1 per cent error in permeability, conse- 
quently suitable temperature corrections are made. 

For permeability measurements, cylindrical samples of Ue 
length and diameter are placed in tapered Thyokol “stoppers and 
clamped in the cell. Since sample cylinders taken from various sands 
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have slightly different diameters, it is necessary to fit them into tapered 
‘“‘stoppers’’ of proper internal diameter. Air is allowed to flow through 
the sample at one of the standard 
pressures and the differential 
manometer of the flowmeter is 
read; care being taken to clamp the 
sample in the cell tight enough to 
prevent leakage between the sample 
and the ‘“‘stopper.”” The _per- 
meameter is so designed that, with 
back pressures available, turbulent 
flow cannot exist within the appara- 
tus. Permeability measurements 
of rectangular parallelepiped sam- 
ples are made as are those of cylin- 
drical samples, except that they 
are held in sealing wax within a 
brass tube, which replaces the 
Thyokol ‘‘stopper,” core holder 
and compression ring of the cell. 
Individual calculations are neces- 
sary for each of these tests. 
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Porosity 


Tested permeability samples 
are used for porosity determina- 
tions. All samples are weighed to 
the closest 1499 of a gram, to make 
possible correlation of data from 
the various tests. The bulk volume 
of the porosity sample is measured 
by displacement of mercury in a 
glass volumeter (Fig. 10). For this 
the mercury level in the tube of the 
volumeter is observed, the sample 
introduced by tipping the vessel 
upside down, and the mercury level 
again read after the volumeter has 
been returned to its first position. 
The difference in the two observa- 
tions, read to the closest 149 ml., 
is the bulk volume of the sample. A ground taper joint permits 
replacement of the volumeter stopper to identical position, assuring 
constant volume for the apparatus. 


Fig. 10.—BuLK VOLUMETER. 


HOWARD C. PYLE AND JOHN E. SHERBORNE 45 


Following determination of bulk volume, the sample is carefully 
ground to grain size in a porcelain mortar and then removed to a tube 
similar to the one illustrated in Fig. 6, constructed, however, with a 15-ml. 
rather than a 6-ml. bulb. Before the addition of the sand material, the 
tube is filled with a measured volume of tetrachlorethane and this quan- 
tity subtracted from the new volume obtained after the addition of the 
sand gives the sand-grain volume. The total porosity of the sample is 
calculated by dividing the difference between its bulk volume and its 
sand-grain volume by its bulk volume. This method is sufficiently 
accurate for core analysis and has the distinct advantage of being rapid. 
The following tabulation compares percentages of porosity determined on 
duplicate samples by this method and by a Coberly porosimeter: 


Described Coberly 
ethod Porosimeter 
leh al 16.92 
20.1 20.68 
19.3 18.05 
10.2 10.39 
25.9 26.00 

Salinity 


The measurement of interstitial water salinity consists in deter- 
mining the amount of chloride ion that can be leached from the sample, it 
being assumed that there are no undissolved chlorides in the sand itself. 
After having been reduced to grain size and dried, the sample is weighed. 
It is then shaken vigorously with 120 ml. of water for 3 or 4 min. and 
allowed to stand in a stoppered flask for at least one hour, after which 
period the water and sand are separated by filtration. Of the filtrate, a 
50-ml. portion is transferred to a small flask, neutralized if necessary, 
and titrated with silver nitrate, using potassium chromate as an indicator. 
If the quantity of oil in the sample exceeds 4 ml. per 100 grams of sand, 
the sample should be washed several times with a chloride-free oil solvent 
before drying. 

During the development of this method, samples of sand varying 
from argillaceous and poorly sorted to uniformly coarse grained were 
leached until they were free of chlorides as indicated by titration with 
silver nitrate. ‘To these leached sands, brines of known chloride content 
were added in varying quantities. Test samples were then dried, leached 
and titrated. It was found that no measurable amount of chloride in the 
water was occluded on the sand material and that the procedure obtained 
all of the free chloride ion. The use of warm water for leaching was 
found to be of negligible value. Drying the sand at a temperature much 
above 200° F. resulted in a loss of chloride, therefore this drying is done in 
an oven in which the temperature of the air is controlled. 
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Size Analysis 


The grains of sandstone material are classified for size with U. S. 
(Tyler) standard screens. A sample to be screened is reduced to grain 
size, leached of oil, dried and weighed. It is then shaken through a set of 
screens on a rotating and tapping machine. The sand material retained 
on each screen is removed and weighed and weight percentages are cal- 
culated. For comparative purposes it is common practice to plot cumu- 
lative percentages by weight against screen-opening size, using a 
logarithmic scale for the sizes of the openings. 
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Fic. 11.—EFFEcT OF RETORTING ON OIL GRAVITY. 


Oil Gravity 


Measurement of the gravity of oil found in the sand samples analyzed 
is of interest when these samples are from a stratigraphic horizon or 
district from which previous production has not been obtained. Further- 
more, it is necessary to know the gravity of the oil distilled in order that 
the proper factor may be used in calculating percentage of oil saturations. 
Fig. 11 shows the effect of distillation on the gravity of oil. It is based 
upon a series of gravimetric determinations of composite samples of oil 
from sands of a given producing zone. Upon completion of the well the 
gravity of the oil produced was compared with that previously deter- 
mined by testing samples of oil sand. These data have been supple- 
mented by results obtained with oils used in the calibration of the retorts. 
It is important that the oils be thoroughly dried before the gravity 
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determination is made. This is accomplished by allowing the oil to be 
in intimate contact with calcium chloride for a period of time. Since 
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there is often only a very small quantity of oil with which to make the 
gravimetric measurements, a specially designed picnometer of only 2 ml. 
capacity is used when necessary (Fig. 12). 
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Another method has been developed for testing small quantities of 
oil—based on a correlation between the capillarity and the gravity of an 
oil. One end of a strip of ordinary filter paper, 6 mm. wide, is immersed 
5 mm. into the oil, and the time required for the oil to rise 114 cm. on 
the paper is noted. Fig. 13 relates the time of capillary rise of oils of 
varying gravity at a constant temperature of 80° F. It is assumed 
that these curves are applicable only to oils of somewhat similar composi- 
tion, and it should be remembered that the oils used in calibration were 
distilled and must, therefore, be corrected (Fig. 11) in order to obtain the 
gravities of crude samples. 


Correlation of Measurements 


The procedure of the various measurements has been planned so that 
a ready correlation of the various quantities obtained can be made on a 
mass basis. Fluid volumes obtained in the saturation process are related 
to the mass of the sand and expressed as milliliters of fluid per 100 grams 
of dry, unprocessed sand. Similarly, in addition to expressing porosity 
as the percentage of the total volume of the sample occupied by the vol- 
ume of the total pore space. it is expressed as milliliters of total pore space 
per 100 grams of dry sand. Oil and water saturation can, therefore, be 
calculated by the following formulas: 


— V, xX 100 [1] 
and 
V. 
Pee w 
N' = y, x 100 [2] 


where N = per cent of pore space filled with oil, 
N’' = per cent of pore space filled with water, 
Vo = volume of oil per unit mass of sand, ml. per 100 grams dry 


sand, 

Vw = volume of water per unit mass of sand, ml. per 100 grams dry 
sand, ’ 

V, = volume of total pore space of sand, ml. per 100 grams dry 
sand. 


Chloride-ion concentration in the water obtained from the core sample 
can be computed in a similar manner, as follows: 


kM, 
ike [3] 


where C = concentration of chloride ion expressed as grains of sodium 
chloride per gallon of water, 

amount of chloride ion expressed as milligrams of sodium 
chloride per 100 grams of dry sand, 


M, 
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V.. = volume of water per unit mass of sand, ml. per 100 grams dry 
sand, 
k = factor for converting from milligrams per milliliter to grains 
per gallons. 


CONSIDERATION AND Usk oF RESULTS 


Interrelation of Data Obtained 


Many of the measurable physical characteristics of sandstone and 
its fluid content are interrelated and some correlations are necessary in 
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Fic. 14.—-CorRELATION OF PERMEABILITY WITH WATER SATURATION OF SANDS. 


understanding and interpreting the analytical data obtained. An inverse 
relation between connate water and permeability has been noted,!? the 
water saturation increasing as the permeability decreases. Quantitative 
methods of determining the connate-water content of sands have been 
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developed,}#8 but in the routine coring of oil formations it is impractica- 
ble either to exclude the possibility of contaminating cores with water or 
to determine the extent of such contamination. It is therefore desirable 
to know what amount of water saturation is to be encountered in cores 
secured under normal drilling conditions with the use of mud. Such 
amounts have been related to permeability in Fig. 14. Because of the 
wide spread of individually plotted values, average permeability and 
water saturation were used. Only averages representative of complete 
producing intervals in wells that produced oil and gas exclusively 
were used. 
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Oil saturation of sand samples from oil-producing formations varies 
greatly. For correlation purposes the oi4 content of the sand samples has 
been calculated as percentage of saturation of the net pore space available 
for oil and gas. This made it necessary to assume quantities of connate 
water, as no definite data were available. The assumed data were similar 
to those reported by Schilthuis!? for Anahuac and Tomball fields, although 
slightly lower in value. Considering that oil is expelled from a core sand 
sample as it is removed from a well to the atmosphere just as the gas- 
drive oil production is from the formation itself, the residual oil should be 
correlative with oil expulsive and resistive forces. Fig. 15 correlates 
residual oil saturation of net pores with the oil A.P.I. gravity, bubble- 
point gas-oil ratio, and formation temperature. Here, the A.P.I. gravity 
of an oil is assumed to vary inversely with its surface tension and viscosity. 
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Salinity of interstitial water has been found to vary inversely with the 
resistivity values of electric logs (Figs. 16 and 17). In Fig. 17 figures for 
two wells in the same field but in different zones are shown. The salinity 
cannot be expected to give the same correlation with resistivity from 
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different wells because the resistivity curves are greatly affected by the 
pressures involved, the nature of the drilling fluid, the mechanical 
details of the resistivity-measuring device, and a number of other factors. 
However, it is felt that, having the data, one can weight the resistivity 
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curve to make it more useful in evaluating a particular formation as to its 
oil or water content. This is illustrated in Fig. 22 and is discussed later. 
Of the galinity and resistivity values selected for use in Fig. 17, only those 
that remained practically constant for more than 5 ft. of formation were 
used. Any marked decrease in interstitial water salinity from such a 
plotted relationship may indicate excessive contamination of the connate 
water in a core sample by water from the drilling fluid. 


Graphic Presentation of Data Obtained 


Because of the large number and varying nature of the analytical 
tests that are usually made on core samples from a prospective producing 
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formation, it is important that a uniform and comprehensive method of 
graphic presentation of the test results be used. Figs. 18, 19 and 20 
illustrate a fairly satisfactory method of presentation, although the depth 
scale used has been foreshortened. In addition to the analytical data, 
cored and electric logs of the interval are included. For convenience, the 
figures for oil and water saturation are plotted as percentages of the total 
pore space, the oil from the left and the water from the right. The dis- 
tance between these two plotted quantities represents the percentage of 
total pore space unaccounted for by analysis. In the formation this space 
presumably was occupied either by oil, subsequently produced, or by gas. 
Shrinkage, of course, reduces the reported volume of oil in the formation. 

When considered in relation to other test data, the ratio of oil to water 
in the cores has proved useful in predicting the nature and relative 
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amounts of producible fluids. For this reason oil-water ratios are plotted 
along with the specific test data. Casing and subsequent completion data 
are plotted adjacent to the graphic log of the formation cored. Notations 
of formation-test intervals are also included in this column. 


Prediction of Productivity 


In order to predict the productivity of a cored interval from analytical 
data it is helpful to reconstruct the total fluid content of the permeable 


sands in place. Sands that contain only water, but no more than 
that which would be normally connate, would produce gas. Sands con- 
taining a normal amount of oil, or less, with more than expected water 
would produce water and could be considered to have been oil-producing 
sands encroached by edge water. The sands containing apparently 
normal amounts of both oil and water would produce oil along with solu- 
tion gas plus a possible amount of additional gas from oil within the area 
affected by the pressure drop at the well. 
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Normal oil-water ratios for oil-producing sands can be calculated 
from data set forth in Figs. 14and15. In advance of a production test, if 
the bubble-point gas-oil ratio and formation temperature are known, it is 
possible to calculate normal oil-water ratios as a function of sand permea- 
bility. This offers a convenient method of checking the analytical data 
from each sample tested for critical values. For sands that have thus 
been determined to be productive of oil, it is possible to estimate the prob- 
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able rate at which this oil can be produced. Fig. 21 relates average 
permeabilities as determined by air flow through clean, dry sands, with 
specific productivity indices.14 These indices are for water-free oila of 
from 29° to 39° A.P.I. gravity, produced with only moderate amounts 
of gas.* 


Fia. 19.—Cor ANALYSIS, WELL B. 


* The oils and gases involved in Fig. 21 are of the same general types as those 
described by Sage and Lacey in Drilling and Production Practice, Amer. Petr. Inst., 
1935, pp. 141-147. 
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Exceptions to the rule that high resistivity in sands of good permeabil- 
ity indicate commercially productive oil are often detectable on comparing 
electric logs with core analyses. Fig. 22 illustrates such an exception. 
The sands encountered from 4340 to 4410 ft. in the well appear from the 
electric log to be well saturated with oil and permeable. Core analyses 
show that these sands are permeable, but that relatively high resistivity is 
due to the low salinity of interstitial water. 
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Fic. 20.—Cor® ANALYSIS, WELL C. 


Analytical data for well A are graphically set forth in Fig. 18. The 
interval cored and tested represents the lower half of the formation 
included in the completion of the well. Experience, however, has indi- 
cated that this lower half is roughly representative of the whole produc- 
tive interval and that no productive water or gas sands occur in the upper 
half. No unusual variations occur in the porosity, permeability or in 
salinities of interstitial water. Saturation is normal except below 7900 ft., 
where the percentage of pore space filled with water is high and the oil- 
water ratio is low. Therefore the hole was plugged to 7816 ft. and the 
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well completed producing 400 bbl. per day, cutting less than 5 per cent 
water, and with a gas-oil ratio of 600 cu. ft. per barrel. The water pro- 
duced contained from 850 to 1070 grains per gallon sodium chloride. 
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Fic. 21.—CorRELATION OF PERMBABILITY WITH WELL PRODUCTIVITY, 


The analytical data of well B (Fig. 19) are interesting in that they 
show large variations in permeability and interstitial water salinity. 
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A formation test of the upper interval gave a rise of 880 ft. , or 22 cu; ft: 
of fluid with 7500 ft. of drill pipe dry, in 214 hr. Most of the 22 cu. ft. 
of fluid that entered the drill pipe was water, titrating 1766 to 1865 grains 
per gallon sodium chloride. This would be expected, for while the pres- 
ence of gas is indicated above 10,285 ft., the permeability of that forma- 
tion is zero. The interval tested at 10,400 ft. suggests the presence of 
producible oil, but the permeability of the sand is relatively low and it 
would not produce commercial quantities of oil. The test results of the 
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Fig. 22.— CoRRELATION OF LOW INTERSTITIAL WATER SALINITY WITH HIGH RESISTIVITY. 


interval below 11,240 ft. indicate commercially producible oil with solu- 
tion gas only. The interstitial water has an exceedingly low salinity. 
Upon completion in this interval the well produced oil with a water cut of 
less than one per cent and with a gas-oil ratio of 900 cu. ft. per barrel. 
The oil-producing potential of the well was in excess of 15,000 bbl. 
per day. | 

Well C, Fig. 20, was chosen for illustrative purposes because of the 
four formation tests that were made of intervals from which cores were 
analyzed. The first interval tested resulted in gas blowing out 1400 ft. of 
fluid from the drill pipe after the foot valve had been open 37 min. After 
this valve was closed, there remained in the drill pipe 1200 ft. of oil, 800 ft. 
of water, titrating 1341 grains per gallon sodium chloride and 1800 ft. of 
mud. The foot valve had apparently opened while jarring to loosen the 
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formation packer, allowing the entry of mud. The relatively high water 
and low oil content of the sand below 5450 ft. indicated the source of the 
recovered water. Fluid rose to the surface in 25 min. in the second 
interval tested and was allowed to blow to the sump for 25 min., producing 
mostly gas with some oil and water. Following the blow period the well 
was shut in for 35 min. before the foot valve was closed. When the drill 
pipe was removed from the hole, 2300 ft. of oil, 1300 ft. of oil and water, 
and 500 ft. of water titrating 1300 grains per gallon sodium chloride were 
recovered. Here again, the relatively high water and low oil content 
of the sand below 5700 ft. indicate the source of the recovered water. The 
well was later completed in this interval, producing 450 bbl. per day gross 
oil cutting 46 per cent water, and with a gas-oil ratio of 630 cu. ft. 
per barrel. 

There was a light gas blow with no fluid produced at the surface 
during the time the foot valve was open on the third formation test. 
When the drill pipe was removed from the hole, 4200 ft. of mud and water 
with only a trace of oil was recovered. The water titrated 1204 grains per 
gallon sodium chloride. Core-analysis data for this interval, when com- 
pared with those of tests 1 and 2 clearly indicate this water production. 
Formation test No. 4 was made in an interval that looked most promising 
on reviewing the core data. Relatively high water saturations were 
found in only two samples tested, and these sands had low permeabilities. 
In this test gas blew at the surface in 6 min., mud and water in 34 min., 
and oilin 40 min. There were recovered from the drill pipe 350 ft. of oil 
and 90 ft. of slightly muddy water. A sample of the recovered water 
tested 308 grains per gallon sodium chloride. It is interesting to note that 
the average salinity of the interstitial water of the first three test intervals 
is decidedly less than that of the water recovered during the formation 
tests. Water subsequently produced from the second interval tested has 
a salinity of 1284 grains per gallon sodium chloride. The water phase of 
the mud used in drilling this part of the formation contained approxi- 
mately 75 grains per gallon sodium chloride. No explanation is offered 
for the differences in water salinities, it being unlikely that contamination 
by water from the drilling fluid alone could be the cause unless some flush- 
ing took place. 


Liner Specifications 


Selection of the proper mesh size for screen pipe can be made from 
the results of size analyses of unconsolidated sands. Experiments per- 
formed by Coberly*® using unconsolidated oil sands with typical grain-size 
distribution indicate that stable sand bridges will form if the pipe slot 
perforation width does not exceed twice the screen opening, which retains 
10 per cent of the sand samples. 
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When the presence of producible gas or water sand is distinguished 
in association with producible oil sand, it can be excluded from the well- 
completion interval by the use of blanks in the perforated liner behind 
which cementis placed. Similarly, blank pipe can be cemented opposite a 
nonproductive formation, between two productive intervals allowing the 
well to be subsequently selectively produced. 


Data Pertinent to Reserve Estimates 


Estimates of oil and gas reserves are necessary in the orderly planning 
of the exploitation of these reserves. Where properties have been 
rapidly developed and production allowed to continue at an unrestricted 
rate, production-rate decline curves have proved useful in these estimates, 
This type of development and production is not common at the present 
time, however, and it has been found that decline curves of restricted 
production do not furnish dependable bases for estimates. Therefore 
attention is being given to volumetric methods of estimating these 
reserves. Many of the factors used in estimating the capacity of oil 
formations are obtainable by core analyses. Producible sand classifica- 
tion and porosity are directly obtainable, while connate-water content is 
usually only available from generalized correlations’? (Fig. 14). 

Where samples have been taken from formations produced to depletion 
or encroached by edge water, it is possible to obtain directly by core- 
analysis methods the volumes of nonrecoverable oil. However, the 
application of these data to formations that have not been depleted or 
encroached by edge water necessitate that they be correlated with certain 
known sand and oil characteristics. Since it is probable that cores from 
undepleted formations follow closely through the gas-drive production life 
of the formation itself on being removed from the well to the surface, Fig. 
15 illustrates one possible correlation. For correlating nonrecoverable oil 
in sands encroached by edge water, the curve of Fig. 15 would undoubtedly 
have to be modified somewhat. The limited amount of information 
available on sands in which the edge water is known to have encroached 
suggests that only slightly more oil is expelled from the formation by water 
encroachment than when gas expansion is allowed to continue to atmos- 
pheric pressure. There will be an appreciable difference in the volumes 
of nonrecoverable gas, however, dependent upon whether the sands 
continue to produce oil with pressures declining to approximately that of 
the atmosphere or are encroached by edge water at some intermedi- 
ate pressure. 


CONCLUSIONS 


Equipment and procedure have been developed for making routine 
measurements of certain physical characteristics of sands and of their 
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fluid contents. These methods have proved to be rapid and of a satis- 
factory accuracy. Correlations of some of the data obtained have made 
possible in many instances the prediction of the relative volume and nature 
of the fluids producible from wells. It is apparent, however, that more 
analytical data are necessary to complete these correlations and to help in 
developing others. 

Quantitative information, necessary for volumetric estimates of 
reserves is obtainable by core analyses. In addition, there are many 
special applications of the data, some of which have been described. 
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DISCUSSION 


(Paul Weaver presiding) 


H. G, Borser,* Pittsburgh, Pa.—This paper is of interest for at least two principal 
reasons: (1) it demonstrates definitely the value and application of a complete core 
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analysis to production problems; (2) it shows conclusively that it is both possible and 
practical to use core analysis as a control in drilling wells. The methods described 
are so rapid that the results are available in time to serve as a guide in the proper 
completion of the well, and yet accuracy has not been sacrificed to speed. The 
authors are aware of the many sources of error in core analysis and have taken proper 
precautions to insure the accuracy of their results. They have also shown how much 
knowledge can be gained about producing formations by the proper interpretation 
of all the data that are obtained in a complete core analysis. 


Bottom-hole Measurements in Pumping Wells 


By J. J. Jaxosxy,* Mremper A.I.M.E. 


(San Antonio Meeting, October, 1938) 


Tue fundamental hydrodynamic principles governing the production 
of oil from wells have been carefully studied and evaluated by many 
investigators. These prior studies are quite complete and cover virtually 
the entire field of oil production and recovery.! One of the most impor- 
tant measurements in production studies is that of the bottom-hole 
pressure at various rates of production.” It is the purpose of this paper 
to outline the technique and economics of fluid-level measurements as 
applied to pumping wells and to review briefly other methods for obtain- 
ing bottom-hole data. 

The applications of bottom-hole pressure or fluid-level measure- 
ments are based on simple hydrodynamic principles. Under equilib- 
rium conditions, 


Poh = hd + po + Der {1] 


when p~, = bottom-hole pressure, lb. per sq. in. absolute, 
h = height of fluid in well, ft., 
d = average fluid density, lb. per sq. in. per foot, 
Po = weight of section of gas column 1 in. square from fluid level 
to casinghead, 
Pc = casinghead pressure, lb. per sq. in. absolute.- 

In words, equation 1 states that the bottom-hole pressure is equal 
to the weight hd of the column of fluid plus the weight of the column of gas 
between the fluid and the casinghead plus the casinghead pressure. 

At moderate rates of flow, the rate of production is approximately 
proportional to the difference between the reservoir, or static bottom-hole, 
pressure and the flowing or producing pressure; i.e.: 


Q = c(p, — Pon) [2] 


pr = the reservoir pressure, 

c = the constant of proportionality. 
However, at production rates approaching zero and also at high rates the 
proportionality may break down. By combining equations 1 and 2 the 


Manuscript received at the office of the Institute Dec. 12, 1938; revised Feb. 3, 1939. 
Issued as T.P. 1058 in Perrotyeum Trcunoxoey, May, 1939. 
* Technical Director, International Geophysics, Inc., Los Angeles, California. 
1 References are at the end of the paper. 
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production may be expressed as follows: 


Q = c(pr — Por) = ep, — hd — 1D = Deh) [3] 
A B 


Equation 3 combines the basic theoretical equations, relating the rate 
of production Q with the bottom-hole pressure p, and with the fluid 
level h. It follows from this equation that a graph of experimental values 
with bottom-hole pressure pe, (portion A) or with fluid-level h (portion B) 
as ordinate and rate of production Q as abscissa will approach a straight 
line. Extrapolating this line to the Q intercept, i.e., the value of Q for 
h = 0, yields the theoretical maximum rate of production, since h = 0 
corresponds to a minimum back pressure of the fluid in the hole; where 


Qmax = C(Py — Dy — Pen) [4] 


As will be illustrated later, this theoretical rate may not be achieved in 
practice, since a definite head is necessary to force the oil to flow into 
the pump. 

The production characteristics of a well may be determined by meas- 
uring either the bottom-hole pressure as shown by portion A of the equa- 
tion or the fluid height h and average gradient d as shown by part B 
of equation 3. Technically, either set of factors is subject to direct 
measurement; the type A relationships are directly measurable by means 
of bottom-hole pressure gauges, while the type B relationships are utilized 
by measuring the fluid-level height and density of the fluid. For a 
majority of the fluid-level measurements, the density of the fluid need 
not be measured, but may be determined indirectly by other relationships, 
such as that expressed in equation 4. 


BorroM-HOLE PRESSURE GAUGE 


The bottom-hole pressure gauges in use at the present time are 
usually of a self-contained, continuous recording design.*+* The gauges 
are enclosed in a suitable case and consist of two essential parts: (1) 
a pressure element to record the hydrostatic pressure, and (2) a clock- 
driven chart drum. A stylus attached to the free end of the pressure 
element records its movement on sensitized paper or metal affixed to the 
chart drum. ‘To measure the bottom-hole pressure in a pumping well, 
the pump is pulled and the gauge is fastened or housed below the pump. 
The pump is then run back into the hole, and the gauge records the pres- 
sure existing in the well at that depth. At the conclusion of a run, the 
gauge is recovered by again removing the pump. If everything goes well, 
the record will show the variations in pressure versus the time throughout 
the test. 

The use of bottom-hole pressure gauges in pumping wells necessitates 
pulling the rods, and at times even the tubing, in order to lower the 
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instrument into the well. On completion of the measurements the rods 
are again pulled to recover the instrument, after which the rods and 
pump are replaced in order to resume the interrupted pumping operations. 
The recording must be made over a sufficient period of time (72 hr. in 
some cases) to insure that equilibrium has been reached after the shut- 
down period preceding installation of the gauge. Upon completion of 
the test, the data are available within 10 min. or so after the pressure 
gauge has been recovered at the surface. 

The cost of making pressure-gauge measurements varies with the 
conditions existing at the well. Operating costs on the pulling unit vary 
from two to three dollars per hour. In California* pay for the crew 
averages about four dollars an hour. Two full round trips of about 
5000 ft. of rods and tubing, at 10 hr. per round trip, costs: crew, $4 per 
hour; hoist unit, $2 per hour; making a total of $6 per hour. 


$6.00 per hr. X 10 hr. X 2 round trips = $120.00 


If only the rods are pulled, the time required is much less, and the total 
cost of the two round trips is about $50. To this must be added the cost 
of maintenance for the pressure gauge and reasonable depreciation on its 
initial investment. 

The initial cost of pressure gauges varies from $600 to $1500, with an 
additional charge for auxiliary equipment. Calculated on a per diem 
basis for continuous operation, the cost of maintaining a pressure unit is 
approximately $10 per day. Since, in general, from two to three days 
is required to determine the production characteristics of a well, the 
instrumental cost per well ranges between $20 and $30, and this must be 
added to the labor costs itemized above. 

The pressure gauge sometimes suffers a disadvantage in the time 
required for each test. Usually 8 hr. or more is required for the ‘“‘in” 
and ‘‘out”’ run with a pressure gauge. As already stated, the well must 
be produced a sufficient period of time to allow equilibrium to take place. 
This time varies from 8 to 72 hr. The effects on bottom-hole pressures of 
altering pump speeds, etc., while the gauge is in the well, are not available 
until after the gauge is recovered. In tests of pump speed, well proration 
and similar operations, this time delay is often undesirable. 


MernHops ror DETERMINING Fiurip Leven 


Under certain conditions, various types of measuring lines, floats 
and chalk-line systems may be employed for determining fluid heights. 
As a general rule, however, such methods are limited to open wells and 
cannot be successfully employed during pumping operations. The most 
successful methods for determining fluid levels in pumping wells or wells 
under pressure operate on sonic or wave-reflection principles. 


* Howard C. Pyle, personal communication to the writer. 
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The parts of the wave method of determining depths to fluid levels 
comprise: (1) a means for initiating the sound or pressure wave; (2) a 


7 Inventor. 


Witnesses. 
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Attorney. 


Fic. 1.—BATCHELLER EARLY PATENT COVERING WAVE METHOD OF LOCATING 
OBSTRUCTIONS. ® 
'  #H®, diaphragm actuated by waves. 
h, stylus for recording motion of dia- 


phragm. 


K, gun for creating wave. 
H3, protecting valve. 


suitable wave-detecting and recording apparatus, and (3) a constant- 
speed recording system and/or timer. 


66 BOTTOM-HOLE MEASUREMENTS IN PUMPING WELLS 


Considerable work has been done on sonic means of determining 
fluid levels, and also on sonic or pressure-wave methods for locating 
obstructions in tubings of various kinds.’ A commercial incentive for 
this early work was furnished by the difficulties encountered in operation 
of the underground pneumatic mail and transport tubes. These tubes 


were from 6 to 8 in. in diameter and sometimes as long as 15 to 20 miles, | 


with various stations along the route. The material to be transported 
was placed in a carrier tube and propelled to its destination by com- 
pressed air. Often the carrier would become lodged between stations, 
tying up the entire system. The blocked tubes were found by echo- 
wave methods. Knowing the point of blocking, excavation from the 
ground level to the pneumatic tube could be carried out and the blocked 
carrier removed. 

The first practical application of the wave method in the United 
States probably was made by Batcheller® in 1898, who employed the 
apparatus illustrated in Fig. 1. The Batcheller method utilized a 
cartridge for initiating the wave. Firing of a cartridge creates complex 
pressure waves, with the components of higher frequency dying out 
rapidly with the distance traversed by the wave. This difference in 
attenuation properties of the components of the wave causes the sonic 
method as initially suggested by Batcheller to have the disadvantage of 
interference and reverberation effects, which produce a disturbed record 
for a brief period of time after the firing of the cartridge. 

Efforts to obtain more reliable data than those given by the original 
Batcheller procedure have yielded two commercial methods: (1) a pres- 
sure pulse method, which employs a subaudiofrequency pressure impulse 


created by the release of compressed gas from a small tank, and (2) the | 


selected frequency steep-front wave method, which employs waves 
initiated by a cartridge. The first method was developed by Lehr and 
Wyatt’ and is essentially similar to that illustrated in Fig. 1 except that 
the gun used by Batcheller is replaced by gas under pressure. Batch- 
eller’s stylus recorder is replaced by a similar diaphragm-driven system, 
which, however, utilizes photographic recording for greater sensitivity.® 
In this method the energy for creating the sound wave must be of a rela- 
tively high level in order that the smaller reflections may have sufficient 
energy to operate the recording diaphragm. Special precautions must 
be taken therefore to record these weaker reflections. This is accom- 
plished through acoustical tuning by: (1) setting up a condition of 
resonance between the collar echoes coming out of the well and an 
oscillation that takes place in the tuning pipe between the recording 
instrument and the casinghead, or (2) tuning the diaphragm to the 
frequency, or a harmonic thereof, of the tubing-collar echoes. 

The use of resonant or tuned diaphragm systems is often a source of 
error, since such undamped devices are usually set into motion by the 
initial waves and, being undamped, continue to maintain their natural 
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period regardless of the weaker subsequent reflections. Such tuned 
devices seldom record the occasional odd lengths of tubing that differ 
from the “‘average” length near the top of the well. 

Proper utilization of sonic resonance necessitates careful tuning. 
This step requires considerable time and is a cut-and-try procedure: the 
wave is created by releasing a pulse of gas from a high-pressure cylinder, 
and the effects are observed visually; then the tuning is changed and the 
resultant change, when the wave is again created, is noted. This pro- 
cedure is repeated until the desired effects are obtained, after which the 
photographic record is made. 

In the second method a steep-front wave is created by use of a special 
cartridge, and the component frequencies are filtered so that the fre- 
quencies utilized in the measurements include only a relatively narrow 


Fic. 2.—EcHo-METER CASINGHEAD UNIT. 


A, automatically fired gun. E, surge chamber. 
B, flame arrester and acoustical filter. F, pressure gauge. 
C, quick-opening valve. : G, casinghead connection. 


D, microphone detector. 


band. The attenuation is relatively constant for the frequency band 
used. High amplification may be employed without picking up the 
higher shot frequencies and reverberations, the noises created by the 
pumping operations, or the low-frequency surges or heading of the fluid 
in the well. Numerous patents are pending covering Echo-Meter 
methods and apparatus. 

Electrical amplification is employed for recording the reflections 
picked up by the microphone. Undesirable phase shift in the amplifier is 
minimized, because of the relatively narrow frequency band employed in 
the measurements. The mechanical part of the equipment that is 
attached to the casing head of the well is shown in Fig. 2, and comprises: 
manual or automatically fired cartridge system A; fire trap B; manual or 
motor-controlled interlocking quick-opening valve C; detector or micro- 
phone D; surge chamber E and pressure gauge F. The unit is connected 
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to the casinghead by means of a 2-in. nipple, G. These units are readily 
constructed to withstand any desired pressure. 

The fire trap quenches the open flame produced by the cartridge and 
prevents ignition of the gas in the well where the casinghead is open to 
the atmosphere. The fire trap is designed to acoustically filter out the 
higher frequency noises, and pass the lower audiofrequencies. 

The conventional type of speech microphone does not possess the 
desired frequency response for use in fluid measurements. The micro- 


Fic. 3.—EcHo-MEtTER EQUIPMENT. 
Amplifier, automatic volume control and power supply (left), direct writing ink 
recorder and timer (right). 
Lower cabinet contains storage-battery power supply and miscellaneous supplies. 


phone employed in the Echo-Meter system has a frequency characteristic 
from a fraction of a cycle per second declining rapidly to approximately 40 
cycles per second. 

The output of the microphone is coupled to a high-gain amplifying 
tube feeding a driver circuit, which is connected to a stage of power ampli- 
fication. A sejector and automatic volume-control circuit allows high 
amplification to be employed to record the feeble echoes from tubing 
collars without overloading on the much stronger reflections from the 
fluid level. This feature successfully eliminates the necessity of accurate 
acoustic tuning, with a resultant great saving in time at each well. The 
amplifying and recording equipment faithfully records either negative or 
positive pressures. A record of the true acoustics is obtained rather than 
the pretty, but sometimes misleading, sine-wave curve obtained by use of 
a tuned or resonant system. 
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The conventional type of photographic recording oscillograph was 
employed at first for recording the reflections. This, however, necessi- 
tated photographic development, with its resultant time delay and incon- 
venience asregards field operations. Recently, a more rapid and practical 
type of recording method has been developed, which comprises a 
direct-writing ink recorder. This recorder employs a continuously 
moving paper tape passing under an ink stylus, which records the reflec- 
tions as they are picked up by the microphone. The recorder consists 
essentially of two electromagnetic drives actuating the recording stylus. 
Hunting and overshooting of the pen is avoided by proper negative feed- 
back in the amplifier and electromagnetic damping in the recorder. 
The paper is driven at a constant speed by a synchronous motor operating 
on the amplified output of an electric tuning fork. The paper, which has 
the same physical dimensions as the conventional 35-mm. perforated 
film, is specially prepared to minimize changes in length due to variations 
in humidity and temperature. An exterior view of the recorder is 
shown in Fig. 3 at the right, and the amplifier and control unit is shown 
on the left. 


OPERATION OF THE EcHo-MetEerR EQUIPMENT 


The entire Echo-Meter equipment is carried in a light truck. When 
fluid-level measurements are to be made, the truck is placed within 
100 ft. of the well and connected by a shielded cable to the casing-head 
unit, which is connected directly to the casing head. If the well is under 
pressure, a valve is placed between the casing head and the unit. 

As a preliminary step in operation, the recorder is started and the 
protecting valve closed except a small hole that is drilled through the 
valve gate C for recording the initial shot time (Fig. 2). When the car- 
tridge is fired a steep-front sound wave is sent into the casing head and 
moves down the annular space between the casing and the tubing. The 
speed of travel varies with the composition and density of the gas; to 
a slight extent with its temperature, and to a still smaller extent with the 
effective size of the space between tubing and casing. 

As the sound wave travels down the annular space between tubing and 
casing, it is gradually absorbed and partially reflected by practically all 
obstructions that change the effective area or opening between the tubing 
and the casing. Small reflections are generated by tubing collars, while 
tubing catchers and liner tops usually send back much stronger reflec- 
tions. The fluid surface reflects practically the whole wave front that has 
traveled to the bottom of the well. A typical ink record as obtained by 
the Echo-Meter method is given in Fig. 4. On this record are marked the 
shot point, various tubing-collar reflections, tubing-catcher and fluid- 


level reflections. 
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Dependence of Wave Velocity on Composition and Temperature of Gas 


In an zdeal gas the dependence of the velocity on temperature, pressure 
and density may be expressed by the formula 


Je PER ater 
y= / 0 + ar) (5) 


where V is the velocity, Py the pressure and po the density at 0° C., ais 
a constant, 7 the temperature in degrees Centigrade and v the ratio of 
the specific heats. 

However, such ideal conditions do not obtain in oil wells, for we are 
not dealing with wave motion in a true gas but in a mixture of gas and 
saturated vapors of which the actual composition is not only unknown 
in most wells but difficult to ascertain. Thus it is not feasible to estimate 
the velocity of sound from the chemical composition of the gas. The 
wave velocity in a true gas is constant over a wide range of pressure, 
while in a gas-vapor mixture there are wide variations in velocity caused 
by the changes in composition with changes in pressure, as the com- 
ponents of higher vapor pressure condense or vaporize. 

Temperature of the gas in a well closely follows the average tempera- 
ture of the tubing and casing. The temperature gradient is small and 
usually decreases uniformly from its higher value, at the bottom of the 
hole, to its lower value at the casing head. 

Equation 5 indicates also that in gases of different densities the veloci- 
ties are inversely as the square roots of the densities. It is found in 
practice that the highest acoustic velocities are obtained in wells pro- 
ducing gas consisting almost entirely of methane. The velocity of sound 
in methane is approximately 1400 ft. per sec.® Lower velocities are 
obtained in wells containing heavy, saturated gases, such as rich casing- 
head gasoline, where velocities are as low as 800 ft. per second. 

When work was begun in areas where the wells are open to the 
atmosphere it was expected that the heterogeneous mixtures of air and 
gas would have irregular velocities, but very seldom have erratic velocities 
been observed because: (1) the efflux of gas from the well prevents 
infiltration of air, and (2) air is lighter than the gas in the well and there- 
fore does not reach appreciable concentrations unless it is mechanically 
drawn into the well. The latter condition only occasionally takes place 
where the draw-down is faster than the rate of gas production. 

In pumping wells, the true velocity of the wave has been found to be 
practically constant throughout the entire length of the well, indicating 
uniform gas composition. The effective velocity, however, is composed 
of the velocity of sound plus a velocity due to expansion of the gas 
used for creating the wave. The latter factor will be described in a 
later paragraph. 
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Experience in California, Kansas and East Texas now indicates that 
fluid levels by true velocity calculations may be determined with an error 
considerably less than 214 ft. per 1000 ft. in depth. 


DETERMINING FLUID-LEVEL Deptrus By EcuHo-Mrrer 


The depth to the fluid level may be determined by various relation- 
ships. In one procedure the true velocity of the wave in gas from the 
particular well under consideration is determined. The measurements 
for gas velocity are rapidly made by employing the recording equipment 
previously described. To the Echo-Meter casing-head unit is connected 
a known length of high-pressure tubing, arranged, for convenience, in a 
coil. Gas from the well is allowed to flow through the tubing and casing- 
head unit until the system is entirely purged of air. The time required 
for the wave to travel through the tube is recorded, as shown by the 
calibration run in Fig. 4. Knowing the effective length of tubing and the 
time, the velocity may be calculated from the simple relation: 


mer tEX 


Geta 


[6] 


D’ is the length of tubing, 7 the time and V the wave velocity in gas from 
the well under test. 

The depth to the fluid then may be calculated by applying formula 6 
again. For the case at hand, formula 6 may be written: 

Dr af [6a] 
wherein D is the depth to the fluid level in feet; V equals the true velocity 
in feet per second of the wave; T is the time in seconds required for the 
wave to travel to and from the fluid surface. As will be noted by refer- 
ence to equation 5, the effects of variations in temperature of the gas are 
relatively unimportant for the small changes that ordinarily occur in any 
particular well, and therefore may be neglected in practical measurements. 

After determining the true velocity as described later, the depth to 
fluid may be determined by the simple proportion: 


Length of calibration record _ Length of calibration pipe in feet 
Corrected length of fluid-level record Depth of fluid in feet 


In another procedure, applicable only when the well records show the 
total length of tubing and the number of joints, the average joint length 
may be calculated by dividing the number of joints into the total length. 
In the well under consideration, the calculations gave an average length of 
20.58 ft. (range 1 tubing). Knowing this average length, the fluid level 
may be calculated from measurements taken directly from the Echo- 
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Meter record. Thus in Fig. 4 the record length S,, with its known 
number of tubing reflections, is compared to the distances S2 and S83. 
This relationship or proportion is expressed in the following equation: 


D nl SsnL 
et dee atid = 7 
eae or D 5; [7] 
wherein D = the depth to fluid level, ft., 
S3 = the distance to the fluid-level reflections, mm., 


S, = the distance corresponding to a definite number n of 
tubing reflections, mm., 
L = the average joint length as obtained from the calibration 
run or the well records. 
The depth to the fluid level for the well data shown in Fig. 4 is deter- 
mined by substitution in equation 7 as follows: 


Average length:of tubing Jommtsaeed. case ol ioe ho rein ee 20.58 ft. 
Number of joints counted’. mse tianhotes eke ete 52 
Measured record distance for 52 joints................... 332 mm. 
Measured record distance for fluid-level reflection.......... 419 mm. 
Depth to catcher = ee = 1325 it. 

Depth to fluid = a9 KE Ke = 1350 ft. 


Another procedure may be employed (after correcting for ‘“‘apparent. 


velocity”) in wells where the tubing catcher or an artificial reflector is 
placed at a known depth. In such cases the calculations are somewhat 
simplified, since the depth is determined by comparing the reflection at a 
known depth with the fluid-level reflection. As an illustration, if the 
depth to the tubing catcher in Fig. 4 could be taken directly from well 
records, the fluid level would be determined by simple proportion as 
follows: 


411 mm. (to catcher) _— 419 mm. (to fluid) 


1325 ft. Fluid depth 


Fluid depth = 10 = 1350 ft. 


In the well for which these figures were obtained the pump was at a 
depth of 1930 ft., hence the height of the fluid column was 1930 — 1350 
= 580 feet. 

The well was pumping at a casing-head pressure of 38 lb. per sq. in. 
and was producing 8 per cent water, which readily separated from the oil 
by gravity. The specific gravity of the oil was 0.831. Using equation 1 
and neglecting the weight of the gas column p,, the bottom-hole prpesurs 
at the pump may be calculated as follows: 


Po = (580 X 0.831 X 0.4383) + (88 + 14.7) 
= 208.7 + 52.7 = 261.4 lb. per sq. in. absolute 
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Corrections for Abnormal Initial Velocities 


When the wave is initiated either by the release of confined high- 
pressure gas or by the firing of a shot, a certain volume of gas is released 
into the casinghead. This gas expands and travels down the annulus 
with an initially high velocity, which gradually decreases as the pressure 
of the gas is reduced by its expansion in the annulus. This velocity of the 
expanding gas is superimposed on the velocity of the wave motion in the 
gas, resulting in an abnormally high velocity at the initiation of the wave. 
If uncorrected, this abnormal ‘‘apparent velocity” introduces an error, 
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with a resultant erroneously high fluid level. This abnormally high com- 
ponent of the velocity is dependent upon: (1) the volume of gas generated 
by the shot or injected in the pressure pulse; (2) the cross-sectional area 
of the annulus in the upper portion of the well, (3) the relative wave 
velocities in the original gas of the well and in the injected gas, and (4) the 
casing-head pressure of the well. This error in the velocity often is less 
when a quick detonating cartridge is utilized for creating the wave than 
when a quantity of low-pressure gas is released from a container; probably 
because: (1) less energy need be employed, owing to the steep wave front 
generated by the cartridge, and (2) a lower effective volume of gas is 
injected into the casing head, owing to the rapid cooling of the hot gas 
by the flame arrester. 
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The error in measurement due to the expansion of the gas may be 
corrected by comparing the time interval for the first reflection with the 
intervals for second and subsequent reflections. This correction is 
illustrated in Figs. 5 and 6. The time interval between the initiation of 
the wave and the first fluid-level reflection is less than the time interval 
between the first and the second reflections, and so forth. In practice, 
the Echo-Meter records are taken to show the first two or more fluid- 
level reflections, from which the correction factor may be determined. 
Errors due to this apparent velocity are minimized when measure- 
ments are made in wells having a definite marker near the fluid level 
or where reliable tubing-collar reflections can be obtained through- 
out the entire record. . 

By proper adjustment of the electrical amplification working in con- 
junction with an amplitude control, the tubing-collar reflections and 
other minor reflections are clearly defined in the portion of the record 
between the shot and the first reflection, while the fluid reflection is most 
clearly shown in the subsequent reflections, because of the greater 
attenuation of the tubing-collar reflections. A single shot therefore 
serves: (1) to show clearly tubing-collar reflections, (2) to correct for the 
abnormal velocities present immediately after initiation of the wave, and 
(3) to give the true fluid-level reflection time. 


OPERATING ECONOMICS 


When making simple fluid-level measurements, from 12 to 18 wells 
may be measured and computed in an average day’s operation at a cost 
of about $3 per well. When making production-potential measurements, 
which comprise fluid-level measurements at a static and two or three 
pumping speeds, the time required per well depends chiefly on the time 
necessary for equilibrium conditions to be reached between the different 
pumping rates. When feasible to shoot a number of wells in rotation to 
allow equilibrium to be reached in one well while making the measure- 
ments in another, three to four complete well prorations may be taken in 
a day. Limited tank-gauging facilities may also retard the speed of the 
measurements, usually due to the inability of disposing of the run oil 
because of proration restrictions. The cost of prorating a well by 
making fluid-level measurements at three rates of production is approxi- 
mately $20 where four or more wells can be measured in the same field 
to allow rotation of measurements while the wells reach equilibrium 
between measurements. 


Effect of Fluid Density on Bottom-hole Pressure Determinations 


Equation 3A shows that the average density of the fluid is not required 
for the pressure-gauge measurements, since that instrument directly 
records the actual pressure existing at that particular depth. The 
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accuracy of bottom-hole pressure calculations from fluid-level measure- 
ments is dependent on the accuracy with which the average density of the 
fluid may be determined. In the work in California, central Texas 


and western Kansas, the pressure-bomb and the fluid-level results are | 


consistently in agreement within a few per cent, which is within:the limits 
of accuracy of the component steps in a proration measurement. 

Occasionally in areas where large variations occur in the oil-water 
ratio, the accuracy of the fluid-level measurements may be impaired by 
the errors that usually occur in determining fluid density. At all pump- 
ing rates where an appreciable draw-down of fluid is obtained, however, 
the errors are minimized and nearly always are negligible for all practical 
considerations. Under such conditions, the most reliable data will be 
obtained in draw-down tests when adequate tank capacity is available to 
allow proper gauging for determining the proportion of oil, bottom 
settlings and water. If grind-out samples are taken, they must be 
representative of the flow stream, with proper proportioning of the sample 
volume to the total volume of fluid per unit time. Automatic sampling 
devices are preferred to the occasional hand sampling methods. 

In a great majority of fields, an appreciable separation of water from 
the oil takes place in the annulus, which therefore is filled with clean 
oil rather than with the gas-oil-water mixture produced by the formation. 
Under these conditions, the hydrostatic head is equal to the product 
of the height of the fluid column times the density of the oil, which will 
be evident from the following considerations: 

When wells of high productivity are pumped at rates considerably less 
than their potential, a separation of the fluid into its components obtains 
when equilibrium is reached. The effects of this gravitational separation 
are illustrated in Fig. 7. Since the pump is removing the fluid at the 
same rate it is flowing into the well, which is the condition obtaining when 
the fluid level is stationary, the fluid below the producing horizon is 
essentially of the same composition as that leaving the formation. In 
the annulus above the producing horizon, where direct flow of fluid from 
the formation is not taking place, a quiescent fluid condition exists, which 
permits gravitational separation of the fluid. The free oil is in the upper 
portion of the fluid column, while the bottom settlings and water are in 
the lower part of the column. The degree to which this separation takes 
place will be chiefly dependent upon: (1) time during which equilibrium 
has existed, and (2) the stability of the oil-water mixture in that particular 
well. In wells where the oil and water are readily separated by gravity, 
the water and much of the bottom settlings will be carried away by the 
moving fluid stream. Under such conditions, the density of the fluid in 
the column will be substantially the same as the density of the clean oil. 
Therefore the density of the oil is used for the calculations rather than 
the density of the fluid being pumped from the well. 
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Fic. 7.—ILLUSTRATION OF GRAVITATIONAL SEPARATION OF OIL FROM FLUID PRODUCED 


BY A WELL. 
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When conducting fluid-level measurements in wells where large 
amounts of water are produced, it is advisable to allow equilibrium con- 
ditions to be established a given interval of time before making the 
measurements, in order that gravitational separation of the fluid in the 
annulus may take place. In wells where the oil and water separate with 
difficulty, this interval of time may be measured in many hours. Experi- 
ence in a given field is usually the best criterion. Measurements should 
be made at the highest fluid level first, followed by the progressively 
lower fluid-level measurements. 
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MEASUREMENTS. 


Solution of Pumping Problems 


Fluid Level in Pumping Wells.—Single fluid-level measurements will 
immediately supply information that will allow an operator to ascertain 
whether a well is pumping off or is gas-locked. Often it is impossible to 
tell by the pounding on the polished rod which condition exists in a well. 
Pounding due to pumping off is caused by a low fluid level or by the 
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pump being set too high in the well, while the pounding due to gas- 

locking may occur when a high fluid level exists above the pump. 
Determining Pumping Rates and Well Productivity —The most impor- 

tant producing characteristics of a well may be determined by making 
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use of the relationships given in equations 3 and 4. The bottom-hole 
pressures or fluid heads are determined at two or more production rates, 
and plotted as shown in Figs. 8 and 9. Extrapolating the curve to the 
Q intercept gives the theoretical maximum production of which the well 
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is capable, on the assumption that flow friction, water coning or other 
variables encountered in practice will not change the slope of the curve. 
This maximum production figure is the theoretical potential for the well. 
It is obtained without expensive physical pumping tests and eliminates 
entirely the dangers of water coning, mechanical damage to pumping 
equipment, etc., so prevalent in the physical pumping tests for deter- 
mining well potentials. 

Fluid-level measurements recently have been made a legal means of 
proration for wells in certain fields of Kansas. Similar legislation is being 
enacted by other states. It is estimated by operators in the Bemis 
pool, Kansas, that the pump draw-down method of proration cost 
approximately $1000 per well, as compared to the present cost of about 
$20 for proration by fluid-level measurements. From an investment 
viewpoint, the bottom-hole pressure or fluid-level measurements also 
save the great costs of large pumping installations, which are still used 
in some fields for determining well potentials by actual physical pump- 
ing tests. 

The productivity index is the slope of the productivity curve, and is 
defined as ‘‘the barrels per day of gross liquid produced per pound per 
square inch pressure drop at a specified subsurface datum.”’!° 

Any condition tending to change the productive capacity of the well is 
indicated by a change in the productivity index or slope of the curve.?:!!)!” 
A decreasing productivity will be obtained when the gross production 
per pound drop in bottom-hole pressure decreases. ‘This condition may 
be caused by increasing water or a decreasing gas-oil ratio, a decrease in 
effective permeability of the oil formation adjacent the well, or by drain- 
age interference from offset wells. In some places an increased produc- 
tivity factor may be obtained, especially if the well is cleaning out or 
channeling. Periodic measurements of this type are a vital necessity in 
keeping a close check on a well’s performance. The decline of a well’s 
potential and its proper pumping conditions can be followed intelligently 
and often controlled by the use of bottom-hole pressure or fluid-level data. 

Fluid-density Determinations.—The determination of fluid density in 
wells producing with a high gas-oil ratio is illustrated by the fluid-level 
data for a well in the Dominguez field, California (Table 1). 


TaBLE 1.—Fluid-level Data for a. Well in Dominguez Field 


Casing-head Pressure, 


Lb. per Sq. In. Abs. Fluid Level, Ft. igre beer Change in Fluid Level 
24.7 ' 2990 18 19 
42.7 3185 39 : 
74.7 3405 220 
155.7 3995 } 81 550 


a 
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The average density of the fluid is obtained by dividing the change 
in pressure by the corresponding change in fluid level under equilibrium 
conditions. Owing to changes in solubility of the gas in the oil and also 
the change in volume of the gas with a change in pressure, the fluid den- 
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Fic. 10.—DETERMINING FORMATION PRESSURE BY FLUID-LEVEL MEASUREMENTS. 
INSERT SHOWS VARIATION OF FLUID DENSITY WITH PRESSURE. 

sity varies from a maximum value at the bottom of the column to a 
minimum value at the top of the column. By analyzing the first fluid- 
_ level determination, it will be seen that an increase of 18 lb. in gauge 
pressure depressed the fluid level 195 ft., which is equivalent to a column 
density of 9.2 lb. per sq. in. per 100 ft. of fluid height; i.e., 

Tobe 9.2:1b: 

196 t..~ 100 ft. 


The next pressure increase of 32 lb. depressed the liquid about 220 ft., 
_ indicating a density of approximately 14.5 lb. per sq. in. per 100ft. The 
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following 81-Ib. increase forced the level down 550 ft., giving a density 
of 14.75 lb. per sq. in. per 100 ft. These calculations indicate that 
above 42.7 lb. per sq. in. abs. pressure the fluid density in this particular 
well changes slowly and for most practical purposes can be extrapolated 
down to the pump (see insert in Fig. 10). A density of 14.75 is not abnor- 
mal in wells making a fair amount of gas. Solid gas-free fluid in this well 
would have a density of about 35 lb. per sq. in. per 100 ft. 

Determination of Formation Pressure-——The original bottom-hole 
pressure and its rate of decline as the well produces are of considerable 
importance. These data may be obtained by use of bottom-hole gauges 
or by fluid-level determinations in which fluid heights at different casing- 
head pressures are measured. The analytical procedure for the latter 
case may be indicated briefly as follows: From equation 3B, it is evident 
that a graph of fluid-level data with h as ordinate and casing-head pres- 
sure Pep as abscissa approaches a straight line provided the rate of produc- 
tion Q is held constant, since it is assumed that p, is constant and p, varies 
only slightly. Hence, the pressure at the reservoir, p,, may be obtained 
by extrapolation to the p., intercept; i.e., the depth to the produc- 
ing formation. 

The determination of the pressure at the reservoir for the well cited 
above is illustrated in Fig. 10, which is a plot of the fluid-level versus the 
total casing-head pressure. (The weight of the gas column is neglected.) 
This graph indicates that the pressure at the pump is about 315 lb. per 
square inch, 

Maximum Pumping Efficiencies.—For the maximum rate of recovery, 
the bottom-hole pressure should be reduced as much as possible, and this 
can be achieved by maintaining the lowest practical fluid level. In actual 
pumping operations, it is not possible to obtain the full theoretical produc- 
tion rate because of the hydrostatic head that must be maintained in 
order to feed the oil into the pump. Among the factors on which this 
head depends are viscosity of the oil, pump speed and capacity and valve 
design on pump intake. In the fields of western Kansas the differential 
pressure heads listed in Table 2 have been recommended. 


TaBLe 2.—Differential Pressure Heads* 


Fiuip Levet To Bre 
MAINTAINED ABOVE PuMP 


Propuction, BBL. ppR Day FoR Optimum Recovery, Fr. 

250 10 

500 19.5 

1000 36.0 

1500 50.0 

2000 . 63.0 

2500 74.0 

3000 84.0 


' * Data supplied through the courtesy of Mr. J. H. Miller, Cities Service Co., 
Great Bend, Kansas. 
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After making changes in pump speed or capacity, it is advisable to 
run a fluid-level measurement, to be certain that the proper draw-down 
is being obtained. 


EVALUATION STUDIES 


Considerable use is being made of fluid-level measurements for deter- 
mining subsurface conditions in producing fields. Isobaric maps showing 
lines of equal bottom-hole pressure are plotted, usually expressed with 
reference to a common datum plane. Two sets of contours usually are 
plotted, showing: (1) shut-in fluid levels (static) and (2) pumping equilib- 
rium fluid levels at some given rate of production. These isobar maps 
give vital information on areas of higher permeability in the field and 
make it possible for development work to be done in a better engineering 
manner. This phase of the work is becoming important in connection 
with the various regulatory measures and trend toward unit control in 
recent legislation. 


EFFICIENCY oF Gas Lirts 


A recent application of fluid-level measurements in East Texas is 
in connection with existing or projected gas-lift installations.'3 If a 
well is being converted from pumping to gas lift, it is convenient to 
be able to obtain the fluid level in the annular space in advance of the 
pulling job. Also, the draw-down at various pumping rates will give 
valuable information regarding the size of valve to be installed. After 
the installation is completed, its operation can readily be checked quickly 
and conveniently by fluid-level observations. If it is suspected that a 
valve is sticking, a close check of the fluid-level variation when the well 
begins to unload will show which valve is kicking off. 

In wells where insert valves of the conventional type are used, it is 
impossible to run a bottom-hole pressure bomb because the valves 
obstruct the tubing. In all gas-lift work the Echo-Meter measurements 
have the additional advantage that the fluid level can be watched con- 
tinually and the input pressure properly regulated, whereas with the 
bomb gas can blow through the bottom perforations without the occur- 
rence becoming evident until the run is finished and the bomb recovered. 
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Exploring Drill Holes by Sample-taking Bullets 


By Evcrene G. Leonarpon,* Memprr A.J.M.E. anp D. C. McCann* 


(New York Meeting, February, 1939) 


Tue search for oil has required, and without a doubt supplies, a 
tremendous amount of information on the structure, composition; physical 
properties, and history of sedimentary rocks. The earliest and most 
complete source of knowledge is the sample or core of the rock itself, the 
uses of which are well known. The purpose of this paper is primarily to 
discuss a new method for obtaining these cores, and to illustrate its use in 
connection with electrical logs. 

Most cores have been obtained through a special adaptation of rotary 
drilling, and the results have been remarkably good, considering the 
mechanical problems involved. Unfortunately, because of the time and 
expense, this method cannot be used for the entire length of the drill 
hole. Even though ingenious contrivances have been evolved in order to 
reduce the time spent in round trips, such as wire-line coring equipment, 
mechanical coring still remains too expensive to be carried out con- 
tinuously. In practice, therefore, one is finally compelled to estimate the 
probable depths of the more interesting horizons and, allowing a wide 
margin of safety, to core through those sections only. It is true also that 
interesting results have been obtained by examining the cuttings brought 
to the surface by the mud circulated in the well during the process of 
drilling. Be that as it may, the inescapable fact remains that key 
horizons may be passed inadvertently, for one reason or another, while 
the drilling operations are being performed. The only continuous record 
of the formations encountered is that furnished by electrical surveys. 

Obviously, it would be desirable to make the electrical survey first and 
to take the samples from the wall of the hole according to the indications 
on the electrical log. In this way, it would be possible to core only the 
exact sections desired, eliminating the otherwise inevitable estimates as to 
the point at which to start coring, and thereby reducing to a minimum 
this expensive operation. At the same time this method would provide 
a maximum of useful samples. 

A device for taking samples of the formation from the walls of a hole 
therefore offers the possibility of recovering cores from zones otherwise 
lost as a source of this type of information. Furthermore, by coring 
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according to the electrical log of the well, this method offers a logical 
and practical system, free from all estimates concerning the number and 
position of important formations. 

A practical means for obtaining these side-wall cores has been devel- 
oped, and during the past two years this device has been progressively 
used not only to supplement the mechanical cores but also to provide 
the entire core record. In addition to supplying information that is 
available in no other way, the side-wall coring device involves far less 
time and expense. 


INSTRUMENT AND METHODS 


The side-wall sample taker used by us is designed to be lowered into 
the drill hole by the same cable used for electrical logging. Electrodes 
are placed on this cable at a fixed distance and very near the sample 
taker, by means of which a portion of the hole to be cored is electrically 
surveyed or resurveyed. The points from which samples are to be 
obtained are marked on this log, the mechanical relation between the 
log, cable, depth and formation remaining undisturbed. The sample 
taker is then placed in position by means of this log. In other words, the 
samples are taken with great accuracy in respect to the formations as they 
show up on the electrical log, and, in asense, irrespective of absolute depth. 

The principle of the side-wall sample taker (Fig. 1) is relatively simple, 
and is similar to that of the gun perforator. The bullet, which is fired 
into the formation by means of a powder charge, is a hollow cylinder, 
which serves as the core barrel. This bullet is attached to the gun 
barrel and housing by two lengths of wire, and the housing in turn is 
attached to the supporting cable. Thus, by applying a tension to the 
cable, the bullet may be pulled from the formation. The powder charge 
is ignited by means of an electrically heated wire. 

The practical application, of course, requires numerous refinements. 
For example, the cylindrical bullet must be closed at the bottom before 
and during the firing, not only to keep the powder dry but also to provide 
a point of application for the force of the exploding gases. However, if 
the bullet, after firing, remains closed at one end, and of course full of 
drilling mud, it may not be filled with appreciable amounts of the solid 
formation. Consequently, the bottom is not attached to the bullet, so 
that only the hollow cylinder, open at both ends, penetrates the forma- 
tion. In this way, not only the drilling fluid, but also the mud cake on the 
wall of the hole, is passed completely through the bullet, and the sample 
obtained is that of the formation at the point where the bullet stops. 
The sample is thus taken from the rock several inches away from the wall 
of the hole. 

Instead of a device capable of securing only one core for each trip into 
the hole, the practical application consists of a housing for 6 or for 
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less, depending on the depth. 
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18 bullets (Figs. 2 and 3). 
point that is to be cored. 
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Each bullet is fired separately, and at the 


By such means, it is possible to recover as 
many as 18 cores, all from different horizons, within a period of 3 hr. or 
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Fie. 1.—ScHEMATIC DIAGRAM OF SAMPLE TAKER. 


In addition, each gun is quickly inter- 


changeable on the cable, by means of a threaded joint, so that no time 
is lost if more than one complete gun is necessary. 
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THE CorEs 


The cores are 34 in. in diameter and from 114 to 2)4 in. long, depend- 
ing on the bullet used. Such cores are ample in size for the usual porosity, 
permeability, and other analyses. Because of the construction of the 
bullet, or core barrel, there is no compaction or crushing of the core. 
This is perhaps best illustrated by the photograph of a core that con- 


Fic. 2.—Srx-BARREL SIDE-WALL SAMPLE TAKER, THE FIRST BULLET HAS BEEN SHOT. 


tained seams of coal (Fig. 4). The bedding is clearly shown, and 
entirely undisturbed. 

The fluid content of cores from porous formations is representative of 
the original conditions prior to penetration of the formations by the drill 
hole. No core, mechanical or otherwise, can escape the washing effect of 
drilling mud. The core cut by rotary methods is seriously affected by 
the high-pressure circulating mud. Electrical surveys and production 
tests prove that the porous formations surrounding a drill hole are some- 


: 
nd 
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what invaded by the drilling fluid. The side- 
wall sample operations have shown that, while 
this invasion takes place, a true oil sand retains 
much of its oil, even very near the hole, and a 
salt-water sand retains much of its salt. The 
side-wall samples apparently have the distinct 
advantage of being affected only by the mud 
under its hydrostatic pressure, while the rotary 
cores are subjected to the mud under not only the 
hydrostatic but also the pump pressure. 


EFFICIENCY AND SAFETY 


The efficiency of the side-wall sample taker, 
like the rotary method, is not 100 per cent, but 
the recovery, as compared to bullets fired, is at 
present about 70 per cent. In general, the 18-shot 
gun may be expected to return 12 to 15 cores, and 
this loss of a few cores is relatively unimportant, 
both because another attempt is always possible, 
and because the method is extremely rapid. 

The side-wall coring device has an excellent 
record in regard to safety. Very few guns have 
been lost in a hole of sufficient diameter to permit 
passage of the gun with the bullets fired. This 
minimum diameter is5in. Numerous tests have 
been made in holes of smaller diameter, but the 
practice cannot be recommended. Loss of the 
gun is avoided by the use of bullet-retrieving wires 
that havea breaking tension considerably less than 
that of the cable. If a bullet cannot be recov- 
ered, the wires break at the bullet, leaving it in 
the formation. Even though this occurs, only 


about 2 per cent of the bullets are lost, and 


nothing is ever left in the hole. 


Fietp APPLICATION 


Although electrical logging provides, at a rea- 


sonable cost, a continuous record of the entire 


hole, this record is representative of physical and 


‘chemical properties of the formations and must 


be translated into concrete terms dealing with the 


constitution of the rocks and their fluid content. 


i 


Occasionally, certain portions of this log are diffi- 
cult to interpret because there is not always an 


Fic. 3.—HIGHTEEN-BAR- 
REL SAMPLE TAKER. 
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unequivocal correspondence between physical measurements and the 
geological, lithological, and other characteristics. Moreover, the oper- 
ator may desire to obtain actual samples for analysis of porosity, satura- 
tion, and other data. The side-wall sample taker finds its natural use 
in obtaining these cores. 

At present, the usual object of a sampling operation is the verifica- 
tion of oil, gas, and water zones as indicated by the electrical resistivity. 
Fig. 5 shows an example. The high resistivity between 6212 and 6220 


Fia. 4.—SmpB-wWALL CORE TAKEN WITH SAMPLE-TAKING BULLET. X 4, 
Showing coal seams in limestone formation. 


ft. indicates oil or gas, while the lower zone from 6220 to 6234 ft. indicates 
oil or possibly water. The very low resistivity below 6234 ft. is almost 
certainly due to water. However, it may be very desirable to verify 
the position of the water and to determine whether the resistant zones 
are oil, gas, or both. For this purpose, samples were taken at intervals 
across each electrical boundary. They definitely proved that the sand 
from 6238 to 6255 ft. was water-bearing, and showed that both the 
medium and highly resistant zones were oil-bearing. 

Very closely connected with the foregoing is the example of Fig. 6. 
A porous bed has been traversed between 6704 and 6714 ft., but. the 
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resistivity is so low that there is a reasonable doubt as to whether the 
stratum is water-bearing or oil-bearing, especially in the portion from 
6710 to 6714 ft. In the same well, another bed, of similar appearance, 
has been drilled at 6948 to 6956 ft. Eleven samples were taken in these 
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Fic. 5.—DIsTINCTION BETWEEN GAS, OIL AND WATER. 


sands, and outside of the valuable information concerning the texture 
and composition of the rocks, the presence of oil was shown in the sand 
at 6704 ft. while water was found in the sand at 6948 ft. Probably the 
low resistivity is due to considerable colloidal material, as will be explained 
later, but in this instance the core was not available to us for analysis. 
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Very often, the electrical resistivity does not undergo a sufficient 
variation of magnitude to permit the location of the gas-oil contact. 
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Fic. 6.—DIsTINcTION BETWEEN OIL AND WATER. 


y. Three cores were taken at 


Fig. 7 is a typical example of this difficult 


the break indicated on the porosit 


The content of 


e the gas-oil contact. 


y curve at 4903 ft. 


In addi- 


the cores definitely proved this point to b 
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tion, the low resistive sand at 4930 ft. was investigated by another shot, 
which demonstrated that the fluid was oil. Such a conclusion would have 
been impossible to reach, with certainty, without a sampling operation. 
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Fic. 7.—DETERMINATION OF GAS-OIL CONTACT. 


In general, the oil-water contact is clearly determined by the electrical 
log. Cases arise, however, when two resistivity breaks are present, 
either of which may be the contact between oil and water. In Fig. 8, 
the decrease in resistivity at 4084 ft. or the break at 4092 ft. may be the 
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Side-wall cores through this zone proved that water 


was present below 4085 ft. and oil above that point. 


indication of water. 
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Fic. 8.—D3ETERMINATION OF OIL-WATER CONTACT, 


Corr ANALYSIS IN. THE LABORATORY 


but one 


Removing samples and briefly examining them at the well is 
step in ascertaining more fully the significance of electrical data. 


more can be done in the laboratory, 


Much 


by measuring the salinity, the poros- 


=} 
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ity, and the permeability of the rocks, as well as their content in colloids 
and organic matter. 

We have been conducting investigations along this line for some time; 
in fact, as early if not earlier than taking side-wall samples. The results 
gathered are gratifying and demonstrate that much knowledge of the 
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Fic. 9.—RELATION BETWEEN RESISTIVITY AND COLLOID CONTENT OF FORMATIONS. 


- conditions at depth can be derived from a joint use of electrical logging 


and core analysis. Most of this work has been carried out on samples 
obtained by regular mechanical drilling, for the obvious reasons that side- 
wall sample taking has not been widely used in oil exploration until 
recently, and has not enabled extensive and systematic research work. 
It is obvious, however, that the findings are independent of the manner 
in which the sample has been secured from the well. Some typical 
observations are discussed in the following paragraphs. 
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Fig. 9 shows the electrical diagrams obtained on an oil sand in Refugio 
County, Texas. Samples were taken at A and B in order to ascertain 
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Fia. 10.—RELATION BETWEEN RESISTIVITY AND COLLOID CONTENT OF FORMATIONS. 


the causes of the wide variation in resistivity in the interval 5890 to 
5900 ft. Detailed analysis in the laboratory showed that the character- 
istics of the sands were as shown in Table 1. 


TaBLE 1.—Sand in Refugio County 


Permeability, Md. 


Oil Satu- 


Salinity, 


Porosity, Silt, Colloids, : 
Sample | Per Cent Perpen- | parallel to | Per Cent | Per Cent Fernie Per Gent 
dicular to Beddin 
Bedding & 
A 6630 4780 25.7 


262 210 
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The porosities being more or less comparable, the resistivities should 
be in the inverse ratios of the salinities, namely 5 to 1, while this ratio 
is actually 10 to 1. This discrepancy can readily be ascribed, for the 
greater part, to the influence of the colloid content. 

Fig. 10 represents the diagram obtained in a well in Brazoria County, 
Texas. Since the sands carry oil at A and water at B, the low resistivity 
observed in both may appear puzzling. However, an analysis of the 
samples immediately furnishes some elucidation on this question, as 
shown by Table 2. The low resistivity at A is due to the high salinity 
and high colloid content of the formations. 


TaBLE 2.—Sand in Brazoria County 


Permeability, Md. 


Porosity, Colloids Salinity, Parts 
Sample H AA 
Per Cent Parallel to Pat pendioulae Per Cent per Million 
Bedding to Bedding 
A 32.8 558 302 18 9480 
B , 10.1 2.3 2450 


Many similar examples could easily be given, but this is hardly neces- 
sary to illustrate further the trend of research, which purports to deter- 
mine the causes and circumstances that will govern the variations of the 
porosity and resistivity data. 


CoNCLUSION 


Summing up, a practical and proved method has been developed for 
obtaining cores from the walls of a drill hole. The side-wall samples are 
truly as representative as the rotary cores, and are suitable not only for 
supplementing the rotary core record but also for providing the entire 
core record. The method is much less expensive than the rotary method, 
bothin time and money. The side-wall'sample taker, used in conjunction 
with the electrical log, provides a practical means of securing geological 
information from a well. The use of this tool in oil exploration and 
exploitation is only beginning to find its logical and practical place in 
connection with electrical logging. It is our belief that it supplements the 
latter technique to such an extent that the two will be used jointly in 


_ the majority of cases. 
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DISCUSSION 
(W. H. Geis presiding) 


L. W. Brav,* Houston, Tex. (written discussion).—This paper is exceedingly 
interesting. Because electrical well logs often fail to give definite information about 
the fluid contents of formations, it has been necessary to test many sands that appeared 
attractive from the electrical logs but which produced water and, likewise, it is quite 
possible that potential producing sands have been passed by, because, owing perhaps 
to connate water, the conductivity was high on the electric log. Side-wall samples 
from sands may be examined for the presence of oil and also for fossils. Moreover, 
it has been reported that measurements of the porosity and permeability have been 
made. ‘There is no doubt that side-wall cores furnish pertinent and interesting infor- 
mation to the production geologist and engineer. 


M. Mousxat,} Pittsburgh, Pa.—Are the bullets obtained by the method described 
large enough to make permeability measurements perpendicular to the bedding plane? 


R. A. Carrent,{t Washington, D. C. (written discussion).—Does the metal disk 
behind the bullet act as a shear plate or merely as a separator, or ‘‘wad?” I assume 
that as the velocity required to penetrate the formation in the wall of the open hole 
is much less than that required to perforate casing, there would be little need for a 
shear-plate to build up high pressure in the firing chamber before the bullet starts 
to move. 

Is there an arrangement for pulling the wires in a horizontal direction to retract 
the bullet? From the illustrations it seems that the pull on the wires is vertical. 
However, as the diameter of the section of the bullet just behind its nose is con- 
siderably larger than the diameter of the tail of the bullet, vertical tension on the 
wires would pull the bullet into an inclined position, and the horizontal component 
of the pull on the bullet would be fairly large. 


T. A. Pottarp,§ San Francisco, Calif—Could this device be adapted to obtaining 
data on the apparently greater permeability of water-flooded portions of an oil sand 
to cement slurries than the permeability of oil-producing portions of the same sand 
to the same cement slurries. In other words, if water-producing portions of sands 
“take’? cement more readily than oil-producing portions, sample bullets should 
reveal why. 


E. G. Lzonarpon anp D. C. McCann (written discussion).—The cores obtained 
by the side-wall sample taker are large enough for permeability measurements parallel 
to the bedding plane. On the other hand, special apparatus would probably be 
necessary to measure permeability perpendicular to this plane. 

The metal disk behind the bullet does not act as a shear plate. It serves only as 
a piston by means of which the force of the exploding powder is applied to the bullet. 
The mud pressure on the large diameter of the bullet creates enough back pressure to 
build up a high pressure in the firing chamber. 

There is no arrangement for pulling the bullet-extraction wires in a horizontal 
direction. Nevertheless, the low percentage of lost bullets and the condition of 


returned bullets and wires indicates that very little tumbling takes place during 


extraction from the formation. In general, the bullet axis remains parallel to the axis 
of the hole made when the bullet entered the formation. 


* Geophysics and Production Research, Humble Oil and Refining Co, 
{+ Gulf Research and Development Co. 

t U.S. Bureau of Mines. 

§ Petroleum Engineer. 
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The side-wall sample taker cores can be used for any investigation that involves 
a study of samples of a formation. We have no knowledge of the side-wall cores being 
used for a study of permeability of sands to cement, but feel sure that it could be done. 

The question of flow of various liquids through sands has been discussed at con- 
siderable length in the following papers: 

Flow of Gas-liquid Mixtures through Unconsolidated Sands, by R. D. Wyckoff and 
H. G. Botset. Physics (September, 1936). 

Flow of Heterogeneous Fluids Through Porous Media, by Morris Muskat and 
Milan W. Meres. Physics (September, 1936). 

Flow of Oil-water Mixtures through Unconsolidated Sands, by M. C. Leverett. 
See page 149, this volume. 


Effect of Acid Treatment upon Ultimate Recovery of Oil from 
Some Limestone Fields of Kansas 


By R. E. Herruecxer,* Memper A.I.M.E. 
(San Antonio Meeting, October, 1938) 


ABSTRACTT 


Aumost every oil well drilled into limestone formations in Kansas is 
treated with hydrochloric (muriatic) acid upon completion: to increase 
potential capacity of well and thereby increase its ‘‘daily allowable”’ 
production; to shorten time required to produce recoverable oil; and to 
increase quantity of oil recovered ultimately from reservoir. 

Acid treating marked a forward step in the producing fields of Kansas; 
in fact, many old limestone fields that almost had reached their economic 
producing limit were ‘‘rejuvenated”’ with acid and their capacities to 
produce increased several times. It also caused a marked increase in 
- the ultimate oil recovery of some old and nearly depleted fields of Kansas. 
The effect of the acid was due to the cleaning-out action by the acid at 
the face of the limestone, the enlargement of the small drainage channels, 
and the apparent penetration of the acid to previously undrained porous 
and saturated strata. Studies of the effects of acid were made in the 
Fairport field, three groups of wells in the El Dorado field and the Shutts 
field. Estimation of increased recoveries resulting from acid in these 
fields and groups of wells ranged from 1000 to 2400 bbl. per acre. 

Limestone structures that had been tested by drilling and found 
noncommercial were later completed as commerical oil-producing forma- 
tions through the use of acid. The Kansas City formation, Valley Center 
field of Kansas, is an example. Increased oil production and revenue 
from the old fields justified the reconditioning of equipment, which in 
most cases had become in poor mechanical condition. 

The first treatment with hydrochloric acid of an oil well in Kansas 
was in October 1932, and by the end of 1937 almost 6000 wells had been 
treated. Many wells were treated more than once and the total number 
of treatments exceeded 8000 by the end of 1937. Approximately 1234 
million gallons of acid was required for these treatments. 

The report includes 15 illustrations and 16 tables. 


* Petroleum Engineer, U. 8. Bureau of Mines, Bartlesville, Okla. 
t Paper published by U. 8. Department of Interior, Bureau of Mines, as Report of 
Investigations No. 3445 (1989). 
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Decline-curve Analysis 


By Henry Emmett Gross,* Mremper A.I.M.E. 
(San Antonio Meeting, October, 1938) 


ABSTRACTT 


Two types of decline curves are considered and their applications are 
discussed. The first is the well-known semilogarithmic decline curve 
having the rate of production plotted on the logarithmic scale and the 
time on the horizontal scale. The other curve is the percentage of oil 
in the fluid versus cumulative production, and it is plotted on Cartesian 
coordinate paper. These curves are illustrated by carefully and ade- 
quately labeled graphs. Where conditions permit application of both 
types of curves for rationally determining the reserves of a well, both 
should be applied and the most conservative reserve should be chosen. 

Formulas are given for determining the economic limits. For a semi- 


logarithmic decline curve the formula is: 


A 


A = total monthly operating cost (average of past year), 

B = economic limit in barrels of oil per day, 

C = days in an average month = 30.4, 

D = market price of crude per barrel, 

E = 1-royalty, 

F = 1-gross production tax, 

G = water production in barrels per day at the economic limit, 

H =per cent oil in fluid at economic limit. 
The economic limit for a per cent oil in the fluid curve is: 

B 
H= B4G x 100 | 

The semilogarithmic decline curve is treated first. Straight-line extra- 
polations on semilogarithmic paper follow the compound interest com- 
pound discount law, hence the ensuing formulas derived from this law 
may be used in computing reserves for such extrapolations: 


_leeall:- ota 


baa 
(ae a) 
* Associate Professor of Petroleum Engineering, Agricultural and Mechanical 
College of Texas, College Station, Texas. 
t Paper published in Oil and Gas Journal (Sept. 15, 1938) 37, No. 18, 55. 
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l—a l—a 


1 — log“ 


and the number of months of future life may be found by: 


ae log a — logl _ _log (a/I) 
~ log (s +a—1)—logs log (1+ y) 
in which: 
a = bbl. per month at present, 
1 = bbl. per month at economic limit, 
y = per cent decline per month expressed as a decimal, 
nm = number of months future life, 
s = future production or reserves. : 
These formulas were developed to speed up the determination of 


reserves and they also may be used to check detailed graphical analysis. . 


Actual problems are worked to show how the formulas are used. Empha- 
sis should be placed on precaution. Where logarithms are required, 
no less than six-place tables must be used precisely. If it is necessary 
to determine the reserves of numerous wells by semilogarithmic analysis, 
a special chart may be drawn with india ink on cellophane to speed the 
work. The method is shown in the paper. The manner of working 
semilogarithmic problems by calculus is shown, but since it is too cumber- 
some, the simpler algebraic methods are advised. 

The second type of decline curve treated is the percentage of oil in 
the fluid versus cumulative production. This method can be used on 
single wells only, and obviously a well must be making water for the 
method to apply. It worked very well on the Paleozoic wells of the 
Mid-Continent, and particularly on the Siliceous Lime in Kansas. 

“Setups” are given for the profitability analysis of individual wells. 


ph 


Chapter II. Engineering Research 


Significance of the Critical Phenomena in Oil and 
Gas Production 


By D. L. Karz,* Memper A.I.M.E., anp C. C. Sminciererryt{ 
(San Antonio Meeting, October, 1938) 


The critical phenomena have been studied during the past century but 
our knowledge of the critical temperatures and pressures of complex 
hydrocarbon mixtures still is very limited. The critical temperatures 
and pressures of pure substances have been examined in large num- 
bers,2° and in great detail.!417_ No experimental determinations of the 
critical phenomena have been reported on such complex hydrocarbon 
systems as a reservoir fluid. 

The critical temperature is defined by Taylor*® as follows: “‘there is 
some temperature for each gas above which the gas cannot be liquefied. 
This temperature is called the critical temperature.’’ The critical pres- 
sure of a pure substance is the vapor pressure at the critical temperature. 
It should be noted that these definitions refer to a given substance in the 
pure state and do not mean that the pure substance cannot be liquefied 
in the presence of a second constituent. 

The normal procedure for obtaining the critical temperature of a 
substance is to heat it in a glass tube }° under pressure until the meniscus 
between the liquid and vapor phase disappears, although other methods, 
especially for mixtures, have been used.'*14 However, when considering 
oil and gas reservoirs, it is more enlightening to consider a critical phe- 
nomenon that occurs when a mixture of oil and gas are compressed at a 
reservoir temperature until the meniscus disappears because the two 
phases become equal in composition. This conception, along with 
erroneous applications of the definition of the critical phenomena of a 
pure substance to that pure substance when it is part of a complex 
mixture, has caused confusion even among persons familiar with the 
classical theories. 

The purpose of this paper is to discuss the critical phenomena of pure 
substances and mixtures and to report experimental data on a mixture of 


Manuscript received at the office of the Institute Aug. 4, 1938. Issued as T.P. 971 
in Perroteum Trecunovoey, August, 1938. 
* Assistant Professor, Department of Chemical and Metallurgical Engineering, 
University of Michigan, Ann Arbor, Mich. 
+ Universal Oil Products Co., Riverside, Ill. 
20 References are at the end of the paper. 
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natural gasoline and natural gas to a critical pressure and on mixtures of 
crude oil and natural gas up to 9000 lb. per sq.in. One observation of the 
insolubility of tar constituents of a crude oil in the fluid phase in the region 
of the critical is described. The significance of this information to prob- 
lems in oil and gas production is discussed. 


PURE SUBSTANCES 


The critical conditions for 30 pure substances, including nine hydro- 
carbons, were determined by Young.” Since his work, the critical prop- 
erties of most naturally occurring hydrocarbons below octane have been 
investigated, as given in Table 1. The vapor pressure and critical 
data are similar to that for ethane shown on Fig. 1.°? The line KDB 
gives the pressures and temperature at which vapor and liquid will 
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Fig. 1.—VaAprorR PRESSURE OF ETHANE. 


exist in equilibrium. The area ABK is the compressed liquid region 
while the area KBC is the superheated vapor region. Outside of area 
ABC, the substance should be referred to as a fluid. If the liquid at D 
were compressed to F and referred to as a compressed liquid at these 
conditions, it would be possible to follow path FGHD and change a liquid 
into a vapor without a phase change. Accordingly, the substance should 
be considered to have passed into a uniform fluid region when going 
above the critical temperature or pressure; for instance, from £ to F. 
The critical temperature has little significance with respect to the 
behavior of a pure constituent in a complex mixture, although it is a good 
reference state for correlating data on pure compounds.®? The equilib- 
rium constants for ethane from 40° to 200° F. when the ethane is in a 
crude-oil system® show no indication of having passed through any critical 
temperature at 89° F. Thus critical temperature refers to a definite 
system, and when this system becomes a part of another system the 
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critical temperature of the first system has little significance for the 
second system. 

The approach of the liquid and vapor densities towards each other in 
passing from K to D, and the meeting of the densities at the conditions of 


Taste 1.—Critical Constants of Pure Hydrocarbons and Typical 


Mixtures 
Critical Temperature Critical Pressure Critical Density 
Hydrocarbon 
Lb. per fel Lb. 
Deg. F. | Deg. R. Deg. K ey pho Atm. derennal a ed 
Methane........ —116 344 191 673 45.8 0.161 10.06 
ithame srs ce: 90 549 305 G17 48.8 0.209 eet 
Propanemen. 2.) 205 665 370 617 42.0 0.228 14.2 
i-butane..:..... 272 732 407.1 544 37.0 0.234 14.6 
n-butane........ 306 766 426 545 Stel: 0.232 14.5 
i-pentane....... 369 829 461 483 32.9 0.235 14.7 
n-pentane....... 386 846 470.3 485 33.0 0.2382 14.5 
n-hexane........ 454 914 508 435 29.6 0.234 14.6 
n-heptane....... 512 972 540 397 27.0 0.234 | 14.6 
n-octane........ 564 1,024 569 361 24.6 0.233 14.6 
METHANE-PROPANE System!4 
Critical Temperature Critical Pressure Critical Density 
Composition, Mol M 
P t ol. Wt. 
ce Deg. C. || Deg: F. | Ge POT | Atm, | Gremgper) Ub. per 
Methane: 
Oeste 41.2 91.0 196 766 62.1 0.282 14.5 
DOR ca esa) oS.4 81.2 178 891 60.6 0.232 14.5 
DUMP eiatee cs 35.6 70.9 160 1,018 | 693 0.2382 14.5 
AND); 6 Sethe Oa toes 32.8 59.3 138 1,158 78.8 0.2381 14.4 
Oates aos 30.0 46.3 115 1,291 87.9 0.231 14.4 
(SO aes earner care PA lP4 Seat 88 1,408 95.7 0.229 14.3 
EXTHANE-HEPTANE SystTEM!® 
Ethane: 
DGwoaes see 81.6 242 468 682 46.4 0.260 16.2 
ASE ie ee Rene 59.0 190 374 1,106 15.2 0.266 16.6 
Vi bag eb Ben Oreeee 46.1 136 277 1,263 86.0 0.279 ily 
ASH (Sli te eee 38.0 88 190 1,132 VAD) 0.272 17.0 
GORS ee sits scene 32.3 49 120 850 Dee 0.248 15.5 
GasoLINE aND Naputua! 
i : 20.2 
Gasoline.....-.. 109 266 586 542 36.9 0.325 
Naphtha........ | 110 268 591 434 29.5 0.258 16.1 
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B at the critical density is the general behavior of pure substances. The 
rate of change in density with pressure reaches a very high value near 
the critical, for Young”! reports that isopentane density is 0.195 grams 
per cubic centimeter at 25,000 mm. mercury pressure and is 0.257 grams 
per c.c. at 25,030 mm. mercury, all at a constant temperature of 0.05° C. 
above the critical temperature. This fact makes it possible to enclose 
a given quantity of a substance in a tube and measure a meniscus dis- 
appearance at a temperature close to the critical, even though the 
quantity of substance in the tube does not give the critical density at 
the critical temperature. If less substance than that required to give the 
critical density is enclosed, the liquid-vapor meniscus should go to the 
bottom of the tube, but really it disappears, with a slight temperature 
rise due to the rapid change in properties at the critical. Similarly, too 
much substance would completely liquefy, but again a slight increase in 
temperature to the critical would cause the meniscus to disappear. 

Maass and co-workers!’ have carried on studies with closed tubes 
and more recently with variable-volume apparatus, in which they show 
that liquid molecules tend to have some of their cohesive forces acting 
for 2° to 5° C. above the critical temperature. The use of closed tubes 
made their early work inconclusive but the recent report shows the same 
phenomena at the true critical volume. The small range over which the 
discontinuity exists makes the information of interest only from the 
classical viewpoint. 


Mrxtures oF HypRocARBONS 


Critical data along with phase diagrams have been reported for several 
simple mixtures of pure hydrocarbons*!*+!> with critical constants as 
given in Table 1. The critical temperature of mixtures follows the law 
of additive properties on a weight or liquid-volume percentage basis rea- 
sonably well but the critical pressures rise appreciably above the critical 
pressure for either constituent. 

The phase diagram of one mixture of the methane-propane system 
is shown in Fig. 2. The boundary curve was copied directly from Sage, 
Schaafsma and Lacey“ but the percentage-liquid lines were computed 
from Sage, Schaafsma and Lacey’s vapor-liquid equilibria data. This 
diagram will be used to illustrate qualitatively the behavior of complex 
mixtures, even though the shape of the phase diagram for complex 
mixtures may be of considerably different proportions, especially in the 
direction of an enlarged pressure quantity between the boundary curves. 

The line ELA is the vapor pressure or bubble-point line, the density of 
the liquid decreasing from EZ to A. The line FOHBA is the dew point or 
complete vaporization line, with a reciprocal increase in density of the 
saturated vapor to point A, the critical point. Liquid exists above the 
critical temperature of the system. This liquid is richer in propane than 
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the average for the system and if removed from the vapor phase and 
examined for its phase relations, would be found to be below its critical 
temperature at the conditions existing in the 40 per cent methane, 60 
per cent propane system. The critical temperature of a mixture refers 
to the mixture passing from the liquid state to the region of uniform fluid 
with a slight temperature rise, and the critical temperature must be the 
maximum temperature at which a bubble point will exist for the mixture. 
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Fig. 2.—PHASE DIAGRAM OF ONE MIXTURE OF THE METHANE-PROPANE SYSTEM. 
40 mol per cent methane, 60 per cent propane. After Sage, Schaafsma and 
Lacey.14 


The ‘critical pressure is the vapor or bubble-point pressure at the criti- 
cal temperature. . 

The reverse in the dew-point and percentage liquid lines above the 
critical temperature permits the phenomena of retrograde condensation, 
If the pressure and temperature on a mixture corresponds to H, it 
is a saturated vapor. Dropping the pressure isothermally will bring 
the mixture to point J, or 40 mol per cent liquid, and subsequent 
pressure drops will pass continuously through 20 to 0 per cent liquid. 
This is the process by which reservoir vapors will produce liquid when 
the pressure is dropped before passing through a vapor-liquid separator. 
A similar retrograde phenomenon will occur above the critical pressure of 
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the mixture. By increasing the temperature on liquid L, normal vapori- 
zation will occur, but the vapor will again condense to reach the complete 
liquid state. These two phenomena are observed only for temperatures 
or pressures above the critical values for the system considered. 

The decrease of the liquid density to the critical by temperature 
increase along line HLA may be duplicated by increasing the pressure 
isothermally at the critical temperature.'4 Thus if a 20 mol per cent 
liquid, 80 mol per cent vapor mixture at D were compressed it would 
liquefy completely but pass to the region of uniform fluid just as lique- 
faction was completed. If an unknown vapor-liquid mixture were 
compressed isothermally in an attempt to meaure the critical pressure at 
the chosen critical temperature, it would liquefy, vaporize, or reach a 
critical pressure, depending on whether the volatile constituents were 
deficient, in excess, or the exact quantity for the mixture to have its 
critical temperature at the chosen temperature. In cases of liquefaction 
or vaporization to a uniform phase, the density and composition of 
liquid and vapor phases would not become the same as the uniform 
phase was approached and the relation of the mixture to the critical 
temperature could be ascertained by following the compositions of the 
two phases during compression. However, if the densities of the two 
phases were relatively close as a uniform phase occurred, this pressure 
would approach the critical pressure just as the temperatures for menis- 
cus disappearance in sealed tubes approached the critical temperature. 

This isothermal decrease of liquid density to a critical pressure has 
been shown to be an important criterion for correlating equilibrium con- 
stants.” The equilibrium constants plotted as a function of pressures on 
isothermal plots converge to unity at this critical pressure. As stated 
above, considerable freedom in systems may be expected with small 
changes in critical pressure at a given temperature. 

The constant temperature of reservoirs makes investigations on 
liquid and gas mixtures at reservoir temperatures more convenient than 
the method of changing temperatures. If a critical temperature is not | 
observed with a given ratio of liquid to vapor, the volatility of the mix- 
ture can be changed with results such as have been found for the methane- 
propane system.'4 The difficulty of finding an exact composition for a 
chosen critical should be of the same nature as filling sealed tubes to 
measure critical temperatures, hence a reasonable degree of freedom may 
be expected without serious error in the critical pressure. 


EXPERIMENTAL DETERMINATIONS AT HiGH PRESSURE 


An apparatus of the type used by Katz and Hachmuth® was modified 
to give one more sample line from the equilibrium bomb and constructed 
to withstand pressures above 10,000 lb. (Fig. 3). The bomb had a 
volume of 700 ¢.c. which was decreased to about 575 c¢.c. when the 
motor was inserted. 


D. L. KATZ AND C. GC. SINGLETERRY 109 


The experiments planned were to place crude oils in the bomb and 
pump in natural gas until pressures were reached that gave vapors having 
a considerable content of heavy hydrocarbons. Then the pressure could 
be increased by injecting mercury into the bottom of the bomb. 

The method chosen to determine in a simple and quick manner the 
degree to which the vapor-phase composition had approached the liquid 
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Fig. 3.—ARRANGEMENT OF APPARATUS. 


composition was to pass the bomb fluid through a graduated glass trap 
at dry-ice temperature and atmospheric pressure. The gas density 
was measured and its quantity obtained by water displacement. The 
volume of liquid collected was reported for crude-oil mixtures and 
weighted quantities for the mixtures of natural gasoline and gas. This 
method was known to be qualitative and was intended to explore the 
mixtures to permit fractional analyses of vapors and liquids just below 
or at critical conditions. . 

A 34° A.P.I. stock-tank crude oil similar to the one for which the 
analysis is given in Table 4, and a casinghead gas sample (0.69 gravity) 
at 1100 lb. were obtained from an Arkansas field. Approximately 
200 c.c. of crude was placed in the equilibrium bomb and the high-pres- 
sure gas injected, first at the cylinder pressure and then compressing the 
gas above the cylinder pressure in bomb D. At a pressure of 6000 lb. 
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the contents of the bomb were stirred and samples of liquid and vapor 
were withdrawn to ascertain the relative quantity of heavy hydrocarbons 
in the two phases. 

At the 6000-Ib. pressure no measurable liquid was collected when the 
vapors were passed through the trap, and so the pressure was raised 
by gas injection to 9300 lb. at 80° F. At this condition, the yields of 
liquid recovered from the vapor are reported in Table 2. The liquid 
phase also was passed through the trap but froze at dry-ice tempera- 
tures and so was separated at room temperature. This experiment 


TasLEe 2.—Trap Yields on Saturated Vapors and Liquids 


sure, | pera- ume | Weight Gas Apres Cu. aS at Sp. 
Bystem oe bea ea Mer Bt fc be hachadel ee Teen Gan 14.7 Lb. per| GT. 
Sq. a Ca C.C. Bbl. Liquid 
In. : . - |at 80° 
F.e 
Arkansas crude] 9,300} 80 | Upper| 0.20 0.15 2,305 0.065 58,700 
and natural gas. 80 Lower| 6.5 5.52 1,285 4.29 1,010 
175 Arkansas} 8,900 70 Upper] 0.30 Q.225 | 1,251 0.180 21,200 0.76 
crude, 50 natu- Lower| 4.2 8.57 945 3.78 1,140 (0.87 
ral gasoline and Upper| 0.29 0.217 | 1,130 0.192 19,900 0.76 
natural gas. 8,900 | 120 Upper) 0.25 0.187 962 0.194 19,600 (0.78 
Lower} 3.8 3.32 945 3.51 1,270 |0.87 
8,900} 198 Upper 0.45 0.337 988 0.34 11,150 0.81 
Lower) 2.3 1.95 663 2.86 1,470 0.83 
8,900 | 200 | Upper] 0.38 0.285 882 0.323 11,800 {0.80 
Lower 3.0 2.55 784 3.23 1,330 |0.82 
8,900 | 280 Upper! 0.45 0.337 | 1,142 0.295 13,000 0.79 
Lower| 3.8 3.23 866 3.73 1,160 0.82 
6,000 | 200 Upper, 0.10 0.075 823 0.09 41,900 0.71 
Lower, 3.5 2.97 683 4.35 995 |0.84 
Natural gasoline} 3,000} 80 | Upper 0.28 0.190 803 0.237 14,600 /|0.682 
and natural gas. 80 Lower| 1.35 0.920 785 LiVTe 2,960 |0.703 
3,180} 80 | Upper) 0.42 0.284 803 0.354 9,680 |0.686 
80 Lower, 1.45 0.982 858 1.145 3,010 0.711 
3,790| 80 | Upper| 1.15 0.784 885 0.865 3,920 |0.690 
80 | Lower| 1.63 1.106 960 1.151 3,000 |0.682 
4,090} 79 | Upper| 1.56 1.059 878 1.207 2,860 |0.678 
79 Lower, 1.51 1.027 862 1.19 2,900 /|0.693 
4,600 80 Upper, 2.10 1.425 | 1,175 1.21 2,840 


@ Measured for crude-oil systems. 
+ Measured for natural gasoline-gas system only. 
¢ Total pressure 740 mm.; partial-pressure hydrocarbons, 715 mm. 


showed that considerably higher pressures would be required to reach a 
critical pressure for the mixture chosen. 

Accordingly, a mixture of 175 ¢.c. of the crude and 50 c.c. of an Okla- 
homa City natural gasoline* were charged to the bomb and gas was 
injected as before. This mixture was raised to 8900 Ib. and the phases 


* 14.3 lb., Reid v.p. at 100° F., 81° A.P.I. Composition from distillation? 10.2 per 
cent butane, 39.6 per cent pentane, 25.1 per cent hexanes, and 25.1 per cent heptanes 
plus, on volume basis. Surface tension 17.2 dynes at 26° C. 
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examined at four temperatures to give the data on Table 2. The con- 
cluding run of the series was at 6000 lb. to show the effect of lower pressure. 

The data so accumulated were not in the neighborhood of a critical 
pressure, therefore a more volatile sample, the natural gasoline, was 
chosen as the liquid phase, with the hope that the critical conditions would 
come below 10,000 lb. A charge of 205 c.c. of gasoline was followed 
by the natural gas to a pressure of 3000 lb. at 80° F. The failure of 
the stirrer to give equilibrium in the crude-oil experiments was consid- 
ered a possible explanation of the high critical pressures indicated for the 
crude oils, therefore the bomb was rocked manually to insure equilibrium. 

The upper-phase and lower-phase fluids were passed through the 
trap immersed in dry ice, with the results shown in Table 2. Because of 
the relatively high concentration of heavier constituents in the upper 
phase, no more gas was injected and the pressure was raised above 3000 
lb. by mercury injection. Samples were taken at constant temperature 
and pressures shown with the upper and lower phases giving similar 
liquid-gas ratios at 4090 lb. At 4600 lb. the upper phase showed no 
change from the 4090 lb. The consideration of the positions on the 
phase diagram traversed will follow a description of an experiment on the 
solvent action of this uniform, highly volatile phase. 

The absence of tarry constituents in fluids containing high concentra- 
tions of volatile constituents is to be expected from solvent deasphaltizing 
operations and the work of Pilot.1? To check this surmise, 25 c.c. of a 
26.2° A.P.I. Kansas crude having an analysis similar to that given in 
Table 5 was injected at 5000 lb. per sq. in. and 80° F. into the estimated 
400 c.c. of fluid remaining from the experiments described above. The 
contents of the bomb containing mercury were agitated and samples of the - 
upper phase withdrawn through the dry-ice trap showed a straw colored 
liquid with no trace of the tar dissolving in the volatile fluid. The entire 
contents of the bomb maintained at 5000 lb. was then taken through the 
trap at atmospheric pressure and temperature, with a yield of light 
amber liquid of 0.747 sp. gr. at 60° F. The mercury layer, including some 
emulsion, followed the clear liquid, showing the tar phase to be small. 
The emulsion was centrifuged to yield about 6 c.c. of a tar almost solid 


at 80° F. 
CoRRELATION OF DATA 


The data on the natural gasoline-natural gas system give a smooth 
curve for the liquid yield in the trap as a function of pressure (Fig. 4). 
Immediately one wonders if the mixture became a liquid, a vapor, or a 
critical fluid at the junction of the vapor and liquid curves. It seems 
unlikely that one would choose the correct mixture whose critical 
temperature was 80° F. As the uniform-phase yield was similar to the 
liquid-phase yield, it follows that the possibility of the complete lique- 
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faction is greater than that of complete vaporization. When remem- 
bering the rapid changes in vapor and liquid ratios and densities 
in the neighborhood of the critical temperature and pressures for pure 
compounds the approach to the critical pressure and temperature for 
this system may be rather close even though liquefaction or vaporiza- 
tion did occur. Accordingly, the critical pressure of a mixture of which 
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Fic. 4.—TRap YIELDS FOR VAPORS AND LIQUIDS. 


the critical temperature is 80° F. must be well within 200 lb. of the 
4090 lb. measured. 

The consistency of the data on the natural gasoline-natural gas sys- 
tem gave some hope of interpreting the former data on the crude-oil 
mixtures. Because of the difference in measurement of liquid collected, 
it was necessary to convert the volumetric trap yields into weight yields, 
using estimated densities of 0.75 and 0.85 grams per c.c. for the vapor 
and liquid trap samples respectively. These conversions (Table 2) per- 
mitted the plotting of the points as shown on Fig. 4. Guided by the two 
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pressures measured at 200° F. and the shape of the curves for the mixture 
of natural gasoline and gas, curves have been inserted that should give a 
rough indication of the critical pressures of the mixtures studied. The 
more volatile natural gasoline-crude oil blend shows critical pressures of 
the order of 15,000 to 18,000 lb. with only a small decrease indicated for 
rise in temperature from 70° to 200° F. The less volatile mixture of 


TaBLE 3.—Computed Compositions of Critical Mixtures 
OKLAHOMA City CrupE® 


Mixture at 4500 Lb., 40° F. | Mixture at 5000 Lb., 200° F. 
Gas 

Mol Fraction} Wt. Fraction | Mol Fraction| Wt. Fraction 
eth anes tee 281d bykecssiie cere 0.6620 0.1940 0.6800 0.2228 
Ethane sumer ate na aalckaty. hohe soe, acct 0.0650 0.0358 0.0670 0.0412 
Jehfoyoahateys fe Uns Rs Pe ace eee eee 0.0440 0.0355 0.0505 0.0455 
IBUGAM CH eee rok hs ae (aca tocd etc 0.0320 0.0342 0.0333 0.0396 
MAGIIDATIES | calter a een Petes ta oe ee ORO225 0.0298 0.0215 0.0317 
HTM CB ths ROT ite ees Me eas 0.0195 0.0309 0.0215 0.0379 
@rudemesiduchene oe incites sec 0.1550 0.6398 0.1262 0.5813 
Molecular weight........0..+-.-+.. 54.4 48.9 


Estimatep Mixture oF Naturat GASOLINE AND NaturaL Gas 


Critical Conditions about 
4090 Lb. per Sq. In. and 
80° F. 


Mol Fraction] Wt. Fraction 
INH Ahad ook, agen eIeeS Grek 6 trig OEE ERD EALO Oc cue eh cai cle aac ter 0.037 0.026 
(WaTHODECLOXLCE wae GRE tithe © sAtemtete tit noes bie Mi etalon 0.007 0.007 
TAS ee Wn a te eae On a ee 0.538 0.216 
TESA, 5 So Ro eee cura SRR I So tees Ae ee ee ae eee 0.062 0.046 
ig BSS ee LS a Ck Se a ae 0.024 0.026 
SUES S ee wT RAR acl wricticwal anftgtu ste te tome Pobikeecaties Susien vanes 0.050 0.073 
TEREST ATTUSS Gals. Ee ei 5 OORT EM RIC NRE no ORC ar Ca ER eo — 0.188 0.250 
i EWS SM EVAL 5 Goa Sicld Goa '6 2 LOUIE Se Oe NUR OS nea ec oe 0.076 0.162 
ETD bain CS ee vr ee en nM se See ek i ha nc yes YAR pry Sn 0.068 0.194 


crude oil and natural gas indicates a critical pressure of the order of 
25,000 pounds. 

These high critical pressures are in apparent conflict with the indicated 
critical pressures of 4500 and 5000 lb. per sq. in. for the mixtures of Okla- 
homa City crude oil and gas at 40° and 200° F.8 However, the composi- 
tion of the uniform fluid phase, especially with reference to the intermedi- 
ate constituents ethane, propane, butane, etc., may have a marked effect 
on the critical pressure. The desirable data would be a fractional anal- 
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ysis of the high-pressure fluids in question, and although these analyses 
were planned in the critical studies, an attempted fractionation of the 
uniform fluid of the natural gasoline-gas system failed because of inad- 
equate vacuum in the column. The density of the liquid measured at 
0.68 grams per c.c., gas density, and gas-liquid ratio give a computed 
molecular weight of 39.2 for the fluid. This value, the composition of 
the natural gasoline, and the composition of a gas similar to that used, 
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fia. 5.—GaAs-LIQUID RATIOS WHEN SEPARATING HIGH-PRESSURE VAPORS AND LIQUIDS 
AT CONDITIONS EQUIVALENT TO 80° F. AND 370 POUNDS. 


give an approximate composition for the uniform phase as shown in 
Table 3. 

A correlation of critical pressures of mixtures containing methane and 
less volatile constituents might be made in the direction shown by Sage 
and Lacey.'* Computed properties on the samples in these experiments 
and of the Oklahoma City crude® along with binary mixture data!615 
should not be expected to cover the field but might give a rough method 
of estimating critical pressures. 


—— 
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APPLICATION OF INFORMATION TO Om AND Gas RESERVOIRS 


The use of a trap in separating heavy constituents from the effluent 
from a well is similar to the experiments on high-pressure vapors and 
liquids. The gas-oil ratios are a rather good qualitative guide as to 
phases expected to exist in the reservoir at a given temperature and pres- 
sure. The yields of liquid in the experiments on a basis of cubic feet 
of gas per barrel of liquid were computed in Table 2 and plotted on Fig. 5. 
The trap vaporization conditions at about minus 100° F. and one atmos- 
phere corresponds on a vapor-pressure chart to 80° F. and 370 lb. abso- 
lute, or in the customary separator operating range. The data show that 
gas-liquid ratios of 3920 cu. ft. per barrel of liquid would be obtained 
when passing the vapors of the natural gasoline-natural gas system 
saturated at 3790 lb. and 80° F. through a separator at about the con- 
ditions of 80° F. and 370 pounds. 

It is also shown that vapors saturated at 8900 lb. and 200° F. from 
the crude oil-natural gasoline-natural gas system would have ratios of the 
order of 11,200 cu. ft. per barrel of separator liquid. The volatility of 
the system has considerable effect upon the gas-liquid ratio, as shown by 
the ratio of 58,000 for the crude-natural gas system when saturated at 
80° F. and 9300 pounds. 

It is possible to estimate the critical concentrations of the constituents 
in the mixtures of Oklahoma, City crude oil and natural gas by extrapola- 
tion of liquid and vapor concentrations to the same value at the estimated 
critical pressures. These analyses, shown in Table 3, and the equi- 
librium constants were used to compute the gas-liquid ratios expected 
when separating the mixture at 370 lb. and 80° F. The gas-liquid ratios 
of the crude saturated at 2600 lb. and 132° F., and an experimental 
analysis of vapors saturated at 3527 lb. and 200° F.8 when in equilibrium 
at the above conditions, give an approximate gas-liquid ratio diagram 
for the Oklahoma City crude-gas system. These data point to a gas- 
liquid ratio of the order of 1500 to 4000 cu. ft. per barrel liquid for the 
critical fluids mentioned when separating at conditions equivalent to 
80° F. and 370 lb. per sq. inch. 

The ratio of gas to liquid found by Eilerts and Shellhardt® for a 
reservoir fluid at 3177 lb. and 228° F. when separated at 330 lb. and 76° F. 
was 34,800 cu. ft. per barrel of stock-tank liquid and a somewhat lower 
value when computed on basis of separator liquid. This point is in the 
region of ratios corresponding to saturated vapors. Although a saturated 
vapor might carry a small quantity of liquid phase and have a ratio 
corresponding to a vapor, their report does not give conclusive evidence. 

The color of liquids produced from wells is sometimes used as a very 
rough guide as to the probable phases present in the reservoir, and the 
following observations of these experiments should be noted. All 
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vapors when subjected to a condensation process corresponding to the 
separation conditions described gave a liquid of water white to deep straw 
color. Eecause they were dark in color when charged to the apparatus, 


TaBLe 4.—Analysis of Stock-tank Sample* of Arkansas Crude 


Air Distillation Bh ere ree ge General Crude Tests 
Temperature, Deg. F. | Este Per) “Bee” | Gravity, 260 AT at SOE E Genco 

Upitonl22ae meee err 1 Sulphur, 1.71 per cent 

1 22=167encmt ere Papi l 78.7 | Pour test, 10° F. 

G21 Deters cetken tees 6.2 Saybolt viscosity, 75 sec. at 70° F. 

HOE PAT Es Mimic wee ah Tey. 10.0 65.2 | Saybolt viscosity, 54.7 at 100° F. 

25S Deane, Seta te ere 14.4 59.2 | Conradson carbon residue 

BOZ BOA eer reer e ae ees 19.8 53.8 | Test of still residue, 9.92 per cent 

347-392 24.3 49.2 | Color of crude brownish black 

BO2 43 (tan eons 29.1 45.3 

AS71482 Sores On: orate 33.7 42.5 | Initial boiling point of crude, 82° F. 

AR D5 2, nee MOL be 39.9 39.6 

Vacuum Distillation at 40 Mm. Viscosity at 100° F. Cloud Test, Deg. F. 

Up Mowo2reee eee 44.3 35.3 40 Below 30 

BO2=A3 7 Hate. ere Seeekiee 49.3 33.3 45 30 

2 ee eee an ae 54.9 30.1 55 50 

AS2=52 ds nears ousted a 59.5 zi.0 78 65 

DLO Learnt inci 65.1 25.4 123 90 


DIsTILLATION SUMMARY 


Product Per Cent ores at hots Tore 42 Get Ret 
? +» Sec. : 

Gasoline-naphtha...................| 24.8 61.4 10.21 
Kerosene... fos eat od Vom Oe ee 14.8 42.6 6.21 
Gas-OUlssccch. tivhc ees Oe eee 10.4 35.8 Under 50 4.37 
Ligh tilubesi: athe o tunenac eee ere 10.2 | 31.7-26.5 | 50-100 4,28 
Medinim Jubesstem:.os aot moe ce 5.4 | 26.5-24.2 | 100-200 2.27 
WISCOLS LUDO. oh os. chs ast teat Bueverene twcne Over 200 

Stillsresidues. rconsecatetns eee eae 13.82 
Distillation loss........... Ni ed cans 2.0 0.84 


Surface tension at 26° C. = 25.9 dynes per centimeter. 
¢ From same pool as sample used in experiments. 


the crudes gave dark liquids. The uniform fluid phase of natural gaso- 
line-natural gas in the region of the critical conditions and in the presence 
of very dark crude oil gave a straw colored liquid upon separation. This 


D. L. KATZ AND C. C. SINGLETERRY 117 


relationship of the highly volatile fluid to the injected crude oil was similar 
to that of a vapor to a liquid. 


TABLE 5.—Analysis of Stock-tank Sample? of Kansas Crude 
ee er ee er 


Air Distillation aa a 5 General Crude Tests 
Gravit , 
Total P y Gravity, 24.4° A.P.I. pais, 
Temperature, Deg. F. Cant Ones ier e dotilingé and Water ies Cos 
RUT EUOML Ans, sects atea 5 ae Sulphur, 0.76 per cent 
WD TOT Aneee ns ane eee Pour test below 5 
O22 ee, Flay Saybolt viscosity, 264 at 100° F. 
212-257... 213 : 
257-302 5 at 60.5 | Conradson carbon-residue test of still 
nee residue, 18.4 per cent 


eed pee ee st ee 50.6 | Color of crude, brown and black 

392-437... 16.53 44.7 | Initial boiling point of crude, 212° F. 

MBAS Die aelare evens sivan) 3 20.93 41.9 

ASQ =D OT Seta eye ir onia 3 27.66 39.4 

Vacuum Distillation at 40 Mm. Viscosity at 100° F. Cloud Test °F. 

WR UORS 9 2 ten ks eas os 31.93 33.8 40.2 

OD ASM alncnyRtee oats 35.50 32.1 47.5 

ES A BD ie creme tank Bhat e § 41.90 28.9 62.3 48 

ES DOD mice te of Raylene 46.63 27.5 91.0 66 

DOs tea Some 52.60 25.9 137.7 80 


DISTILLATION SUMMARY 


Product Per Cent eye at “eosity. at 42 Eid 
Gasoline-naphtha....20. essere es 12.46 54.4 5.28 
INGORE AGRO as ote Oe SOB e Borer no 10.54 46.2 = 4.43 
(CORA INCE Ot = he ir eee cen 11.50 35.0 Below 50 4.83 
Lito tel oven a clattas clama eos een 10.75 27.6 50-100 4.51 
IMednimplubes mecca te i a selene 7.35 26.1 100—200 3.08 
WWitSC OLISMIUL DCS sectakit Aire te nok me ehcbode erceus None 
SLU SICU ec peepee a epee ti omhatacrst ere 45.40 19.08 
Distillation 1OSs.. .scicsecierers cue cu. ces 2.00 0.84 


Surface tension at 26° C. = 27.8 dynes per centimeter. 
«From same pool as sample used in experiments. 


This analysis is very crude but, along with a method of estimating 
critical pressures from the analyses of the mixtures, should at least give 
a cue as to the probable phases present in a reservoir from gas-liquid 


118 CRITICAL PHENOMENA IN OIL AND GAS PRODUCTION 


ratio, reservoir temperature and pressure, and analysis of well effluent. 
If the probable phase or phases present are known, the behavior with 
subsequent pressure changes should be considered. 

The identification of the phase relations of a well effluent when it is 
present at the reservoir conditions assists in choosing production methods 
and in clarifying legal considerations. The behavior of a mixture may 
be considered in terms of a phase diagram of the type shown in Fig. 2, 
but known to be of different proportions. 

Assume a well in a reservoir having fluid thought to be below its 
critical temperature, or below the pressure of maximum temperature on 
the phase diagram, for a representative reservoir fluid. The well could 
be producing from the reservoir a uniform phase: (1) above the liquid 
line of its diagram, (2) saturated liquid, or (3) a mixture of vapor and 
liquid. In any event the volume of the liquid in the reservoir would 
diminish upon pressure reduction. A well in the first two cases could 
produce uniform fluid only but in the third could give almost any gas- 
liquid ratio. The behavior of the well effluent at the surface that 
produces only from the vapor phase or produces a mixture of the two 
reservoir phases must be considered in the light of a phase diagram for 
the new mixture. In most cases a saturated reservoir vapor would be 
at some point on its phase diagram between critical temperature and 
maximum temperature, and would give retrograde condensation if the 
separator conditions were chosen to give a pressure-temperature point 
within the diagram. The position of the saturated vapor on its own 
diagram must be relatively close to the maximum temperature value for 
2000 to 3000-lb. gas wells producing a condensate with high gas-oil ratios, 
since a high value for percentage of liquid is not traversed in the expansion 
process. If the well produced a mixture of the two reservoir phases, 
the new mixture might be at its critical temperature, but at a pressure 
low enough to show nothing but normal vaporization with pressure 
decrease. 

For conditions above the critical temperature but below maximum 
two-phase temperature, and above the pressure for this temperature, a 
reservoir fluid might be in the uniform fluid phase or be a mixture of 
vapor and liquid. If it were a uniform phase, pressure reduction would 
cause liquefaction to a degree dependent upon tke relation of the tem- 
perature to the critical and maximum temperatures. For conditions 
above the maximum temperature a uniform phase exists for any pressure, 
hence this condition is not likely to occur for fluids containing substantial 
amounts of compounds above hexane or heptane. 


CONCLUSIONS 


We have not accumulated enough data for drawing definite conclu- 
sions concerning the critical phenomena as applied to all gas and oil 
mixtures. Data presented showed that hydrocarbon vapors may give gas- 
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liquid ratios of 5000 to 10,000 cu. ft. per barrel of liquid and that ratios 
for saturated liquids are unlikely to pass 5000 cu. ft. per barrel of residual 
liquid for any natural fluid. Critical temperatures of mixtures are defined 
and shown to have little significance if the pressure is appreciably below 
the critical pressure. Retrograde condensation may occur upon isother- 
mal expansion of vapors coming from a two-phase system below its 
critical temperature, because the vapors must be considered in terms of 
the phase diagram after removal from the two-phase system and hence 
be above the critical temperature. 

The gradual changes that occur upon compression of the gaseous and 
liquid phases before critical conditions are reached should be of interest 
to production groups because the data presented point to critical pres- 
sures above 10,000 lb. for mixtures void of excess intermediate con- 
stituents between methane and the high-boiling compounds. For more 
volatile mixtures, critical pressures may occur in the range of reservoir 
pressures found in deep wells. The increased concentration of gaseous 
constituents in the liquid phase may be expected to eliminate the tar 
constituents of the liquid produced. 
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Gravitational Concentration Gradients in Static Columns of 
Hydrocarbon Fluids 


By B. H. Sacz,* Memser A.I.M.E., anp W. N. Lacry* 
(Los Angeles Meeting, October, 1938) 


VARIATIONS in the composition of the liquid phase of natural reservoirs 
which are continuous through significant ranges in elevation have been 
noted by petroleum technologists. In general, there is a greater gas-oil 
ratio and the gravity of the oil is higher in production from the upper 
parts of the formation. In the present paper the possible changes in 
composition with elevation which would result from the attainment of 
thermodynamic equilibrium in a uniform gravitational field have been 
evaluated for a naturally occurring hydrocarbon liquid, a binary hydro- 
carbon liquid phase and a binary hydrocarbon gas. The results indicate 
a progressive decrease in the mole fraction of the components from 
methane through the butanes with increasing depth, accompanied by a 
corresponding increase in the amount of the heavier components making 
up the system. The magnitude of these variations is perhaps insufficient 
to explain completely the variations in the properties of the liquid phase 
that are encountered at various elevations within a particular producing 
horizon. However, the changes are significant and the treatment 
presents an example of the application of thermodynamic data to the 
evaluation of the properties of hydrocarbon fluids under the conditions 
approaching those encountered in natural reservoirs. 


THEORETICAL CONSIDERATIONS 


Muskat! has discussed the work of earlier authors relating to the 
equilibrium relationships of multicomponent systems in a gravitational 
field. He also presented explicit solutions for several cases and discussed 
the physical significance of gravitational concentration gradients. 

In engineering work it is customary to consider the pressure, the 
temperature and the composition of a phase to be the independent varia- 
bles sufficient to establish its state. This procedure neglects the effect of 
gravitational or other types of fields upon the energy associated with the 
system and assumes, among other things, that the pressure is uniform in 
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1004 in Perroteum Trcunoxoey, November, 1938. 


* Gates and Crellin Laboratories of Chemistry, California Institute of Technology, 
Pasadena, California. 


1 References are at the end of the paper. 
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all parts of the system. If it is desired to introduce the effect of gravity, 
it becomes necessary to change the constant in the phase rule from 2 to 3, 
and the rule may then be stated by the following equation: 


ieeaCi— (Pe }58 [1] 


Under these circumstances it is seen that the stipulation of n + 2 variables 
is required to define the state of a one-phase n-component system. Inthe 


Nomenclature 
c = number of components. 
E = internal energy, B.t.u. 
E;, = partial molal internal energy, (2 ) , B.t.u. per mole. 
OMg T,P,m, 


F = thermodynamic potential or free energy, E + PV — TS, B.t.u. 
F,.* = molal thermodynamic potential of component k in the pure state at infinite 
attenuation. 


F, = chemical potential or partial molal free energy E) B.t.u. per mole. 
k/ T,P,m 


jf = degrees of freedom. 
h = elevation above an arbitrarily chosen datum, fect. 
M = average molecular weight. 
M;, = molecular weight of component k. 
mz = moles of component k. 
= mole fraction of any component. 
= mole fraction of component k. 
= pressure, lb. per sq. in. absolute. 
number of phases. 
= universal gas constant. 
= entropy, B.t.u. per deg. F. absolute. 
partial molal entropy of component k; (22) ; B.t.u. per deg. F. absolute 


T,P,m; 


lA rs VS 3 
i 


2) 
> 
ll 


per mole. 
T = temperature (thermodynamic scale), deg, F. absolute. 
V = volume, cu. ft. 
V = molal volume, cu. ft. per mole. 


ee : d oV 
Vx. = partial molal volume (=) Pie cu. ft. per mole. 


Vi = residual partial molal volume ee aV , cu. ft. per mole. 
% ® Om H hn ods m,. 


work done by the system during an infinitesimal change in state, exclusive of 
that resulting from a change in volume, B.t.u. 
In = natural logarithm. 
Subscript a denotes all components in an nm component system. 
Subscript & denotes any component from 1 to n. 
Subscript 7 denotes all components except component k. 
Subscript 7 denotes any component except components k and n. 
Subscript m denotes all components except components k and n. 
Subscript g denotes all components except components j and n. 
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present discussion these will be assumed to be the pressure,* the tem- 
perature, the mole fractions of n — 1 components and the elevation 
(above some arbitrarily chosen datum) in a continuous column of fluid, 
subjected to a uniform gravitational field. The values of all of these 
variables must be related to a given point in the column of fluid. 

For a system to be at equilibrium under such conditions it is necessary 
that the chemical potential (i.e., the partial molal free energy) of each 
component be equal at all points in the system. This fact may be 
expressed in the following way: 


dF, = 0 [2] 


In order that the system may be at thermodynamic equilibrium, it is 
necessary that the temperature of the system be uniform throughout. 
Since the chemical potential is a function of state, the assumption as to 
the independent variables makes it a function of the pressure, tempera- 
ture, elevation and weight fractions of n — lcomponents. The following 
equation, based only upon the fundamental relationship of partial 
differentiation, may then be written for isothermal conditions: 


p, = (oF () (=) 
dF, = ( a) and? a 9 Seca 9 


j=n-1 


> (#),,,.a 0 


j=l 

From equations 2 and 3, the change in composition necessary to com- 
pensate for the corresponding changes in the chemical potential with 
pressure and elevation under isothermal conditions may be evaluated. 
However, it is necessary to determine the change in the chemical potential 
with respect to pressure and elevation in terms of measurable quantities 


one) may be obtained. 
oh /r 


The chemical potential may be defined partly? by means of the 
relationship: 


before quantitative values of ( 


F, = E, — TS, + PV, [4] - 


If this is differentiated for a constant temperature, the following equation 
is obtained: 


dF, = dE, — TdS, + PdV, + VidP [5] 


* The calculations in this paper have been based upon the engineers’ system of 
units involving force, length and time. The mole (pound molecular weight) has been 
used as the unit of mass. A standard acceleration of 32.17 feet per second per second 
has been assumed, 


B. H. SAGE AND W. N. LACEY t23 


From the laws of thermodynamics, a general expression may be written 
for a reversible change in state at constant pressure and temperature: 


TdS, = dE, + Pav, + w! [6] 


In equation 6 the term w’ is any work done by the system (in this case, the 
component) exclusive of that resulting from its change in volume, which is 
accounted for by the term PdV;. If equations 5 and 6 are combined, a 
relationship is obtained between the change in the chemical potential and 
the change in pressure and the work done by the system: 


dF, => V,dP = w! [7] 
If equation 7 is restricted to changes in state occurring under isobaric, 


isothermal conditions, a relationship between the change in the chemical 
potential and the work done other than by volume change is obtained: 


dF, = —w’ [8] 
The work w’ that is involved in changing the elevation of a mole of 


component k at a constant pressure and temperature* is indicated by the 
following expression: 


—w' = Midh [9] 


The rate of change of the chemical potential with elevation is related to 
the molecular weight of the component in the following way: 


OF, te 
(#) nee [10] 


The change in the chemical potential with pressure is related to the 
partial molal volume of the component by means of the following general 
thermodynamic expression, which follows from equation 7, since, in the 
present discussion, w’ is equal to zero when h is constant: 


OF; _g 
(S) mes oH 


The change in pressure with respect to the elevation may be ascertained 
from a knowledge of the molecular weight and the molal volume of the 
phase asa whole. This relationship is indicated in the following equation 
for a phase acted upon by a standard uniform gravitational field: 

dP M 


Ape [12] 


* This implies that the change in elevation of the component occurs in such a 
fashion that no friction is involved. In this connection friction may be defined as 
a transfer of mechanical energy into some other form of energy as the result of move- 
ment of parts of the system relative to each other or to the boundary. 
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If the foregoing expressions are combined with equations 2 and 3, a 
relationship between the isothermal change in composition with elevation 
and measurable properties of the phase is obtained:* 


j=n-1 


MVe ay, Si(aFe) ay 
i M, Die ee 


on v 1 
Ie L. j= 13 
(# ), (#) 3} 
T,P,hn,, 


On, 


The solution of equation 13 requires a knowledge of the change in the 
chemical potential with composition. This necessitates a reasonable 
amount of information concerning the behavior of the system before it is 
possible to solve equation 13 without simplifying assumptions. 

The chemical potential of a component may be evaluated by means 
of the following expression, in which F;,* is the thermodynamic potential 
of the component in the pure state and at infinite attenuation, corre- 
sponding to pressure Po. This equation‘ is based upon the assumption 
of ideal solutions® at infinite attenuation, which appears to be adequately 
justified by the kinetic theory for nearly all systems: 


F, = RT Inn, + f ‘ V.dP + F,* (14] 


If equation 14 is differentiated with respect to the mole fraction of com- 
ponent k at a constant temperature and pressure, the following relation- 
ship is obtained: 


oF, wie (4) 
(H) ae a Nk i if On, ees [15] 


If equation 15 is combined with equation 13, the following relationship 
between the composition and elevation in a uniform gravitational field of 
standard intensity is obtained: 


j=n-1 


MY, = a oF dn; 
My Peer 


(2+) Po f j [16] 
SARs band PAD \ ota: acetal 
r RT +f (22) ip 

T.Pjhyn,, 


nk Po \ONk 


At present information is not available concerning either the partial 
molal volumes of the components throughout the entire range of pressures 
or the changes in the chemical potential of the components with variation 
of the composition of multicomponent systems. It is necessary, there- 
fore, to make simplifying assumptions in order to obtain a solution to 
equation 16 in many of the cases that are of interest in petroleum practice. 
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If it is assumed that the system in question follows the behavior of an 
ideal solution? at all pressures for the temperature in question, equation 16 
reduces to the following relationship, since the chemical potential of a 
component is then independent of the nature and relative proportions 
of the other components present and the partial molal volume of a 
component is independent of its mole fraction: 


On a. We MY, 
(a). : Hal Ve he um) [17] 


It should be realized that this discussion has related to the case in 
which the system is at uniform temperature throughout. The actual case 
in an underground formation or in a shut-in well is characterized by a 
temperature variation with elevation. Such a system cannot be treated 
fully by the methods used above. However, it is the belief of the authors, 
from considerations apart from thermodynamics, that the effects esti- 
mated from the isothermal case would be enhanced rather than com- 
pensated by the presence of the temperature gradients found in practice. 


RESULTS 


As is indicated in equation 17, a knowledge of the molal volume and 
molecular weight of the phase and the partial molal volume of the 
component, together with the assumption of ideal solution behavior at 
all pressures for the temperature in question is sufficient to permit the 
calculation of the change in mole fraction of the component with eleva- 
tion. <A correlation of the partial volumetric behavior of the lighter 
hydrocarbons in the liquid phase is available® and permits the evaluation 
of the necessary partial molal volumes. In order to illustrate the 
magnitude of these effects in naturally occurring hydrocarbon liquid 
phases, a mixture of crude oil and natural gas from the Dominguez field 
in California was chosen as one of the materials for which the gravitational 
concentration gradients were to be estimated. Experimental data’ are 
available concerning the molal volumes of liquid mixtures of these 
materials together with information concerning the composition of the 
liquid phase. 

The composition of the liquid phase at the gas-liquid interface and the 


values of ( ame) calculated from equation 17 for several pressures at a 


, 0 
temperature of 160°F. are recorded in Table 1. Values of (2) have 


been calculated for methane, ethane, propane and the butanes. The 
depths—i.e., negative elevations—corresponding to the pressures indi- 
cated in Table 1 were computed by suitable application of equation 12. 


Graphic evaluation of if a dh yields values of the composition at a 
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series of depths, which are recorded in Table 2. In this instance the 
elevation was taken as zero at the gas-liquid surface, where the com- 
position corresponded to the experimentally determined phase behavior 
recordedin Table 1. The mole fractions of the components from methane 


Taste 1.—Calculated Isothermal Gravitational Gradients in a Liquid 
Mixture of Natural Gas and Crude Oil at 160° F. 


(F) x 108 
Pressure, Lb. oh/r 
per Sq. In. 

Abs. 


Methane Ethane Propane Butanes Heavier 

(0.227)¢ (0.0099) (0.0088) (0.0053) (0.749) 
1115° 6.54¢ 0.176 0.204 0.142 —7.06 ° 
1500 6.16 0.171 0.199 0.139 —6.67 
2000 - 5.69 0.166 0.193 0.135 —6.18 
2500 5.25 0.160 0.187 0.133 —5.73 
3000 4.80 0.155 0.183 0.131 —5.27 


2 Figures in parentheses are the composition of the liquid phase at the liquid-gas 
interface, expressed as mole fraction. 

> Bubble-point pressure, lb. per sq. in. abs. 

¢ Concentration gradient expressed as the change in mole fraction per foot change 
in elevation. 


TaBLE 2.—Calculated Composition of Liquid Phase of Mixture of Natural 
Gas and Crude Oil as a Function of Depth at 160° F. 


nk X 10? 
Depth, Ft, 

Methane Ethane Propane Butanes Heavier 

0 22.71% 0.990 0.870 0.518 74.91 

1000 22.07 0.973 0.850 0.504 75.61 
2000 21.47 0.956 0.830 0.490 76.25 
3000 20.89 0.9389 0.811 0.476 76.88 
4000 20.36 0.923 0.792 0.463 77.46 
5000 19.85 0.907 0.774 0.450 78.02 
6000 19.37 0.892 0.755 0.487 78.55 


* Measured from liquid-gas interface. 
> Expressed in terms of mole fraction. 


through the butanes as a function of depth below the liquid-gas interface 
are depicted in Fig. 1. These results indicate a progressive decrease 
in the mole fraction of the lighter components with an increase in depth 
below the gas-liquid interface. The gravitational composition gradients 
are not large but are significant when large changes in elevation are 
encountered. From a consideration of equation 17, it is seen that the 
negative rate of change of the mole fraction of a component with depth 
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is directly proportional to its mole fraction and increases rapidly with an 
increase in the partial molal volume of the component in question above 
the molal volume of the phase as a whole. 

In order to illustrate the magnitude of the change in composition with 
elevation, which may be encountered in hydrocarbon liquids of higher 
A.P.1. gravity than that involved in the first illustration, the gravitational 
gradients in another hydrocarbon system were estimated. In Table 3 are 
recorded values at 160° F., of the composition of a liquid mixture of 
methane and n-butane* containing 28.7 mole per cent methane. In this 


MOLE PER CENT 


ETHANE 


PROPANE 


DEPTH FEET 
Fie. 1.—CancuLATED EFFECT OF DEPTH UPON COMPOSITION OF LIQUID MIXTURE OF 
CRUDE OIL AND NATURAL GAs AT 160° F. 


instance the partial molal volume of methane is somewhat larger than was 
encountered in natural gas and crude oil. This accounts for the much 
larger decrease in the mole fraction of methane with depth than is shown 
for that case in Fig. 1. This difference in behavior is indicated in Fig. 2, 
which shows for comparison the mole fraction of methane in the liquid 
phase of the methane-butane system and in the natural gas-crude oil 
system as a function of depth for a temperature of 160° F. 

It must be realized that the information thus far presented is based 
upon equation 17, which involves the assumption of ideal solutions at all 


* Experimental measurements made by the authors relating to the volumetric 
behavior of mixtures of methane and n-butane in the liquid phase have not as yet 
been published. 
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pressures for each of the components in question. This assumption 
involves uncertainty in regard to both of the systems reported but 
describes the effect of gravity upon composition gradients as well as it is 
possible to do with existing experimental information. It is difficult to 
estimate just how large the uncertainty may be, but it may amount to as 
much as 25 per cent in the methane-butane system, which is not far 
distant from the critical state at the pressures, temperatures and com- 
positions involved in the data recorded in Table 3. However, it is 
believed that the results are qualitatively indicative of the magnitude 
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Fig. 2.—CALCULATED EFFECT OF DEPTH UPON COMPOSITION OF LIQUID MIXTURE OF 
METHANE AND N-BUTANE AT 220° F. 


of the changes in composition with elevation that are encountered at 
thermodynamic equilibrium in a uniform gravitational field. 
Similar effects are involved in static gas columns when at equilibrium. 
If information concerning the effect of pressure, temperature and com- 
position upon the molal volume of the system in question is available 
from infinite dilution to the pressure in question, the composition gradient 
may be established without assuming ideal solution behavior. For this 
purpose equation 16 may be used. However, the direct evaluation of 
Bye 
f (2) dP is difficult and residual methods simplify the pro- 
Po\9Nx /7,P,h.n, : 


cedure. The residual partial molal volume V;, is related to the partial 
molal volume of the component in the following way: 


lakes 
=~ %, [18] 


be 
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TABLE 3.—Calculated Composition of Liquid Phase of a Mixture of Methane 
and n-Butane as Function of Depth at 220° F. 


ee 


Depth, Ft. B emren ye: Dee om) 7X 108 Methane 
0 1138 15.4 0.28704 

1000 1300 13.4 0.2727 
2000 1466 11.6 0.2602 
3000 1640 10.2 0.2494 
4000 1816 Sjaft 0.2400 
5000 1997 7.86 0.2316 
6000 2180 7.01 0.2242 

. 7000 2367 6.33 0.2174 
8000 2556 5.72 0.2114 
9000 2750 5.20 0.2060 
10000 2945 4.72 0.2011 


@ Measured from liquid-gas interface.: 

> Bubble point pressure. 

¢ Concentration gradient expressed as change in mole fraction of methane per foot 
change in elevation. 

4 Expressed as mole fraction. 


If equation 18 is differentiated with respect to the mole fraction of com- 
ponent k, the following relationship is obtained: 


av; ) Vi 
eee a | fee 1 
(4) ( Tn ae 


If equation 19 is combined with equation 16, there results for a binary 
system: 


MV sine 
dh/r RT (AV: 
ee |e dP 
Ny Po \ ON T,P,hin,, 


This equation may be used conveniently for the evaluation of the change 
in composition with elevation since the value of J; is finite at infinite 
ov, 
‘ON 
differentiation of the relationship of VY; with respect to the mole fraction 
of component k. The values of V;, can be established from experimental 
pressure-volume-temperature measurements by the use of residual 
methods in connection with the procedure outlined by Roozeboom.® 


Values of ve 


:) are recorded in a part of Table 4 as a function of the 
tid 
pressure for a gaseous mixture of methane and n-butane, at a temperature 


attenuation. The value of ( ) can be obtained by graphical 
: T,P,An,, 


oh 
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of 160° F., containing 89.4 mole per cent methane at zero elevation. 
The pressure gradient in the static column of gas was established by 
suitable application of equation 12. The variation in the composition 
of the system with elevation was then established by graphic evaluation 


of {(®) dh assuming a pressure of 500 lb. per sq. in. at the elevation 
T 


datum. The results of this calculation are recorded in a part of Table 4. 
The change in composition is somewhat greater than was encountered in 


TaBLE 4.—Calculated Composition of Gas Phase of a Mixture of Methane 
and n-butane as Function of Depth at 160° F. 


Depth, Ft. Siig Leiner =) e x 108 Methane 

0 500 5.25% 0.8941 
1000 514 5.27 0.8888 
2000 528 5.29 0.8835 
3000 542 5.31 0.8782 
4000 556 5.33 0.8729 
5000 570 5.35 0.8675 
6000 584 5.37 0.8622 
7000 598 5.39 0.8568 
8000 612 5.41 0.8514 
9000 626 5.42 0.8460 
10000 640 5.44 0.8406 


@ Concentration gradient expressed as change in mole fraction of methane per foot 


change in elevation. 
> Expressed as mole fraction. 


liquids, since there is a large difference between the partial molal volume 
of methane and the molal volume of the mixture. In this instance no 
assumptions are involved and it is believed that the values of composition 
recorded in Table 4 are quantitatively indicative of the concentration 
gradients in an isothermal static column of hydrocarbon gas of the 
above-mentioned composition when equilibrium has been established in a 
uniform gravitation field. However, because of experimental uncer- 
av, 
on 
great as 10 per cent may exist in the changes of composition recorded in 
Table 4. 

Again it must be emphasized that the magnitude of these gravitational 
effects is related to the differences between the molal volume of the 
system and the partial molal volume of the component in question. This 
results in large gradients in the neighborhood of the critical state where 
the values of partial molal volumes of nearly all of the components are 
large positive or negative numbers. Many of the newer fields yielding 


tainties in the evaluation of ( ) , 1t is possible that errors as 
VY a n, 


B. H. SAGE AND W. N. LACEY 131 


materials of high gas-oil ratio at high pressures are probably producing 
from reservoirs at conditions not greatly removed from the critical states 
of the systems involved. Under these conditions it is to be expected that 
gravitational gradients many times those indicated in Tables 2, 3 and 4 
will be encountered. As more experimental information accumulates, it 
will be possible to predict these gradients for naturally occurring hydro- 
carbon liquids without assuming ideal solution behavior, as was done in 
this case. It should then be possible to determine these gradients with 
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Fic. 3.—CaLCULATED EFFECT OF DEPTH UPON COMPOSITION OF GASEOUS MIXTURE OF 
METHANE AND N-BUTANE AT 160° F. 


satisfactory accuracy in close proximity to the critical state where they 
may be of engineering importance. 
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Physical Properties of Hydrocarbons and Their Mixtures 


By E. R. Giuinwanp,* R. V. Luxes* anp H. W. ScHEELINE* 
(San Antonio Meeting, October, 1938) 


KNOWLEDGE of a large number of the physical properties of the hydro- 
carbons is needed in the calculations and studies of the production engi- 
neer. Since experimental data on these properties of the individual 
hydrocarbons and their mixtures are available in only a relatively few 
cases, the use of generalized correlations has developed rapidly in the 
last decade. The generalized correlations of pressure, volume and tem- 
perature,! enthalpy,” and vapor-liquid equilibria,* on the basis of reduced 
temperatures and pressures, are outstanding examples of this develop- 
ment. These correlations are of particular value to the production 
engineer interested in the flow of oil and gas, since they can be used to 
estimate the conditions under which segregation of phase occurs as well 
as the composition, density, and relative amounts of the phases. The 
technique of using the correlations for such estimations has been pub- 
lished by several authors‘ and will not be considered in this paper. A 
considerable number of data have been obtained to check the generalized 
pressure-volume-temperature correlations, and these data indicate that 
such relations hold for the hydrocarbons from methane to heptane. 
The accuracy is in general sufficient for most engineering pressure- 
volume-temperature calculations. However, the generalized correlations 
of enthalpy and vapor-liquid equilibria have in general been developed 
from the pressure-volume-temperature correlations by thermodynamic 
calculations and only a relatively few experimental data are available to 
check these calculated values. The calculations from pressure, volume 
and temperature are likely to lead to large errorsin the calculated enthalpy 
and vapor-liquid equilibria. Thus, in the calculations of enthalpies, slopes 
of the pressure-volume-temperature data are employed, and determining 
these slopes can greatly amplify small errors in the original data. In the 
vapor-liquid equilibria calculations it is necessary to have the pressure- 
volume-temperature relations of the mixture, and the latter properties 
are much more questionable than those of pure components, particularly 
in the critical region. A considerable number of experimental data are 

Manuscript received at the office of the Institute Sept. 20, 1938. Issued as T.P. 
1060 in Perrotnum TrcuNno.oey, May, 1939. 
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Cambridge, Mass. 
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needed to check the accuracy and increase the utility of these correlations. 
This paper presents a preliminary report of the apparatus being used and 
some of the results obtained at the Massachusetts Institute of Technology. 
In all cases this work is being particularly directed to the study of the 
mixtures rather than of pure components. However, in the study of 
mixtures, certain problems arise such as the difficulty of obtaining a 
number of pure hydrocarbon components of known physical properties 
and the difficulty involved in the accurate analysis of such mixtures. 
For these reasons mixtures containing not over three or four pure compo- 
nents appear to be the most promising at the present stage of development. 


VAPOR-LIQUID EQUILIBRIA 


In numerous operations of the petroleum industry, vapor and liquid 
phases are encountered in contact with each other. For the calculations 
related to such operations it is frequently necessary to be able to esti- 
mate or predict the relative composition of the two phases. The most 
widely used method of predicting such vapor-liquid equilibria for hydro- 
carbon mixtures at elevated pressures involves the use of the so-called 
equilibrium constants. These equilibrium constants have been based 
to a large extent on fugacities, calculated from pressure-volume-tempera- 
ture data on the pure hydrocarbons, and have been expertly modified to 
fit the small amount of available experimental equilibria data. The 
success of such correlations has been outstanding. However, a little 
consideration indicates that such generalized equilibrium constants for a 
given substance independent of the other components present cannot be 
valid at pressures high enough to approach the critical of the mixture, 
since at the critical conditions the equilibrium constants must approach 
unity whereas the critical temperature and pressure of a mixture depend 
not only on the component in question but also on the physical nature of 
the other components and their relative amounts. It is necessary, there- 
fore, for the equilibrium constant for a given component to be unity at 
different temperatures and pressures, depending on the other components 
present and their amounts. In other words, at pressures approaching 
the critical range, the relation between the mole fraction of a component 
in the vapor and liquid at a given temperature and pressure must be a 
function of the other components present, and the values calculated from 
the pressure-volume-temperature data for the pure components must 
become in error. If accurate pressure-volume-temperature data were 
available on the mixtures as well as on the pure components, these 
computations could be accurately extended into the high-pressure region. 
However, few data are available on the pressure-volume-temperature 
relations of mixtures at high pressures, and empirical rules for the esti- 
mation of these data in their present state are not sufficiently accurate 
to serve as a basis for the calculations of vapor-liquid equilibria. 
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Experimentally, two general methods have been used for determining 
such vapor-liquid equilibria at high pressure. The dew-point, bubble- 
point method has been used by a number of investigators.° In this 
method the dew point and bubble point of a number of binary mixtures 
are determined at various pressures. For each composition, the dew- 
point and bubble-point curves are plotted as a function of pressure, and 
where a dew-point curve for one composition crosses a bubble-point 
curve for another composition, the composition of the dew-point curve 
is the vapor in equilibrium with liquid of the composition of the bubble- 
point curve at the pressure and temperature of the intersection. Such a 
method has the advantage that the samples to be tested can be made of 
known compositions, but it has the disadvantage that the accurate deter- 
mination of dew points and bubble points is generally difficult and such 
determinations are seriously affected by small traces of impurities having 
volatilities different from the two main components. It has the further 
drawback that it is limited to binary mixtures, since for mixtures of more 
components the same dew point and bubble point can be obtained at a 
given pressure for an infinite number of mixtures. Thus the intersection 
at a given temperature and pressure, instead of corresponding to one 
vapor composition and one liquid composition, as for binary mixtures, 
now corresponds to an infinite number of vapor and liquid compositions 
and it is impossible to determine which vapor composition is related to 
any liquid composition. 

Another method of determining such equilibria has been to place the 
two phases in a bomb maintained at constant temperature and pressure, 
and obtain equilibrium by agitation. Samples of the vapor and liquid 
phase are then withdrawn and analyzed. In this method, it is necessary 
to prevent a reduction in pressure while sampling, and this is generally 
accomplished by adding to the bomb mercury equivalent to the volume of 
the sample removed. Precautions must also be taken to prevent liquid 
from entering the vapor sample line and thereby contaminating the 
vapor sample. 

One of the most satisfactory methods of obtaining vapor-liquid data 
at atmospheric pressure and lower is by the so-called equilibrium still.®7 
In the present work this still has been adapted to high pressures. In the 
low-pressure equilibrium stills, the pressure is maintained by sealing the 
condenser with an inert gas, usually air, which automatically maintains 
constant pressure by sealing off the portion of the condenser that is not 
necessary for heat removal. At high pressures such a method of pressure 
control is not satisfactory because the solubility of the pressure-control 
gas becomes so high in the condensate that the equilibrium conditions are 
modified. The high-pressure equilibrium still therefore was constructed 
to operate without an inert gas, but in order to maintain constant pressure 
under such conditions it was necessary to make the heat input exactly 
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equal to the heat output. This balance of input to output was maintained 
electrically by a mercury manometer control. It was also found to be 
highly desirable to have the still portion of the apparatus constructed of 
glass, so that the liquid level could be observed. This was particularly 
desirable near the critical region since the density of the vapor and liquid 
phases become so nearly equal that wide variations in the liquid level 
are encountered. A suitable glass for this construction was found 
in ‘‘Sonderglass.”’ 
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Fig. 1.—EQvuILIBRIUM STILL. 


The constructional details of the high-pressure still are shown in Fig. 1. 
The still was of the form of a large test tube closed at the upper end by a 
metal packing gland which conducted the vapors to the condenser. The 
condensate flowed to the distillate trap, which was a glass tube similar to 
the still but of smaller size. A return line carried the condensate from 
the trap to the still for reboiling. The lower portion of the condensate 
trap was filled with mercury and this mercury was connected to the 
mercury manometer, which was balanced against a tank of inert gas at 
the desired pressure. If the pressure in the equilibrium still tended to 
rise, mercury was forced from the trap into the manometer and by a 
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system of relays the heat to the still was reduced, thereby lowering the 
pressure, and conversely, when the pressure tended to decrease the heat 
to the still was again increased. Such a control allowed maximum pres- 
sure variations of about 1 lb. per sq. in. Entrainment in the apparatus 
was checked in test runs by adding a dye to the liquid in the still and 
visually observing the condensate in the trap. Such tests indicated 
that entrainment was not encountered under the operating conditions 
employed in the equilibrium determinations. Each equilibrium deter- 
mination was allowed to run for approximately 2 hr., after which samples 
were removed from the still and the condensate trap and analyzed. 


TaBLE 1.—Vapor-liquid Equilibria Data for Propane-isobutylene Mixtures 


Pressure, Lb. per Sq. In. xz, Per Cent Mole Csin | y, Per Cent Mole Cs in 
Abs. Liquid 


Temperature, Deg. F. 


iqui Vapor 
200 160 19.0 35.9 
200 140 45.4 64.8 
200 130 57.9 76.0 
200 119 15.7 87.7 
300 211 9.1 16.8 
300 201 18.3 31.3 
300 199 19.7 33.7 
300 187 30.9 47.3 
300 176 46.4 62.3 
300 162 64.3 76.0 
300 151 77.4 86.5 
300 149 83.4 90.3 
400 242 8.6 14.0 
400 222 28.6 41.3 
400 206 43.8 57.2 
400 190 64.8 75.4 
400 184 73.4 82.7 
400 175 84.7 89.5 
500 265 10.5 15.1 
500 237 35.1 43 .4 
500 225 48.9 58.3 
500 211 66.6 74.1 
500 203 76.8 82.3 
500 198 85.3 88.9 
600 263 29.1 32.8 
600 246 49.0 55.6 
600 236 59.1 64.7 
600 224 74.2 78.4 
600 218 79.9 83.0 


The results on the system propane-isobutylene are presented in' 
Figs. 2and3 and Table 1. Fig. 2 summarizes the vapor-liquid equilibria 
at 200, 300, 400, 500 and 600 lb. per sq. in. abs. The y-x curves approach 
the 45° diagonal as the pressure is increased and become discontinuous 
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above 583 Ib. per sq. in., which is the critical pressure of isobutylene. 
Figs. 4, 5 and 6 show the vapor-liquid equilibrium curves for 200, 400 
and 600 lb. per sq. in. together with the curves calculated from the gen- 
eralized fugacity plots and by Raoult’s law. Raoult’s law gives values 
that are too high in all cases; the fugacities give values a little too low at 
200 lb. per sq. in., but are in good agreement at 400 Ib. per sq. in. At 
600 Ib. per sq. in. the fugacity curve is considerably too high and fails to 
show the discontinuity at the lower concentrations. Fig. 3 gives the 
temperature composition curves for the same three pressures together 
with the curves calculated by the use of fugacities. The values of the 
equilibrium constants K = y/zx No 
for isobutylene are compared with 
the fugacity values in Fig. 7. 
The agreement between the ex- 
perimental values and_ those 
predicted from fugacities is good 
up to about 300 lb. per sq. in., 
but at higher pressures the devia- 
tions become increasingly greater. 
In this figure, the experimental 
curves at 140°, 160°, 180° and 
200° F. terminate at pressures 
corresponding to the vapor pres- 0 0.2 0.4 0.6 0.8 1.0 
sure of propane at the respective MOL FRACTION PROPANE IN LIQUID 
temperature, since this represents F!- apg gyn ee elees ee PROP ANE 
the maximum pressure at which 

any mixture of isobutylene and propane can exist as two phases 
at these temperatures. At higher pressures only the liquid phase 
exists in this temperature range. However, at temperatures above 
210° F. (the critical temperature of propane) the curves would be con- 
tinuous up to the critical pressure of the mixture. No data were obtained 
in this region above 600 lb. per sq. in., but the curves for the temperatures 
above 210° F. would bend around and come back to K = 1 at the critical 
pressure corresponding to the temperature in question. The values pre- 
dicted from fugacity calculations are seen to be greatly in error in the 
higher pressure region, since the values in this region depend on the other 
components present. Thus different K values for isobutylene would be 
expected at the same temperature and pressure, depending on what 
other components were present. However, the data indicate that at 
pressures below 200 to 300 lb. per sq. in. the K values for isobutylene 
given by the generalized fugacities will probably be satisfactory for 
hydrocarbon mixtures that do not contain components differing too 
greatly in molecular weight or type of structure from isobutylene. In 
order to improve the generalized K charts, it would be necessary to 
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estimate the behavior in the high-pressure region as a function of the 
composition. It would appear that in addition to the K values, as given 
by the fugacity charts, two main pieces of data are needed in order to 
approximately predict K values in this region; viz., (1) estimation of the 
critical pressure of the mixtures as a function of temperature, and (2) 
estimation of the pressure at which the K values go through a minimum 
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Fic. 3.—RESULTS ON THE SYSTEM PROPANE-ISOBUTYLENE. 


at a given temperature. Such information should make it possible to 
sketch in the curves with sufficient accuracy for most uses. 

The corresponding vapor-liquid equilibrium values for propane are 
given in Fig. 8. In this case a considerably different type of deviation 
from the predicted K values is encountered. In the temperature 
range of 160° to 220° F., the experimental and predicted values agree 
satisfactorily in the high-pressure region, but the predicted values are con- 
sistently low at the low pressures. At the higher temperatures the agree- 
ment becomes poor, with the experimental and predicted curves crossing 
at an appreciable angle. The wide deviation in the curves at 280° F. 
is due to the fact that the critical pressure for a propane-isobutylene mix- 
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ture at this temperature is about 600 lb. per sq. in. and K must equal 1 at 
this critical. The deviation at the lower pressures may be due to the 
fact that a mixture of an olefin and a paraffin tend to deviate more from 
a perfect solution than would two 
paraffins. The deviations are in 
the direction that would be ex- 
pected for a mixture of twocom- °8 
ponents of the type of polarities 

of propane and isobutylene. 0.6 


1.0 


ENTHALPIES 


The effect of pressure on the 


enthal of hydr 200 LB./ SQ. IN, 
py ydrocarbon vapors Mia er 


can be fairly large, particularly at °°? —-—*RAOULT'S LAW 
high pressures. Thus at the criti- PAse er 

cal temperature an increase in the i ARERO EG TE 1: 
pressure from atmospheric to the 
critical pressure can cause a de- 
crease in enthalpy of the vapor 
equal to about one-third the heat of vaporization of the liquid at 
atmospheric pressure. 

A number of methods of determining these enthalpy changes have 
been used. As stated earlier in the paper, they can be calculated if 
accurate pressure-volume-temper- 
ature data are available on the 
system in question. Experimen- 
tal methods have included the use 
of the Joule-Thomson expansion 
and a differential isothermal ex- 
pansion. The method involved 
in the present work is the measure- 
ment of the isothermal enthalpy 


Seca he expansion from a 
0.2 Ae oraMarm, | Change for the exp 


—-—-RAOULTS LAW| high pressure to substantially 
-——~ FUGACITIES 


XC, 
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atmospheric pressure. Such a 
method has a number of advan- 
tages, among which are: (1) it 
gives directly the difference in 
enthalpy between atmospheric 
and high pressure at any chosen temperature, (2) the enthalpy 
change can be measured by the electrical input necessary to maintain 
isothermal conditions, thereby allowing high precision to be obtained 
and (3) the heat losses to or from the system can be reduced to 
a low value since the system is at a constant temperature. 
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This isothermal expansion unit is shown in Fig. 9. The general 
principle involved is the forcing of the material being investigated through 
a fine capillary tube; the rate of 
flow and the size of the capillary 
tube being such that the entire 
pressure drop from the desired 
high pressure to substantially 
atmospheric pressure occurs across 
the tube. The capillary tube is 
heated electrically using its own 
resistance and the electrical input 
is so regulated that the material 
enters and leaves the unit at the 
same temperature. With ade- 
quate provision to prevent heat 
from flowing into or out of the 
Fic. 6.—VAPor-Liquip EQuiisrium curves. 8YStem, the electrical input meas- 

ures the enthalpy change directly 
for the rate of material flow in question. 

The actual details of this expansion unit are shown in Fig. 9. The 
hydrocarbon enters under pressure into the left-hand side of the cross at 
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Fic. 7.—EQUILIBRIUM CONSTANTS FOR ISOBUTYLENE. 


the top, and flows downward in the annular space around the thermo- 
couple well, and the entering temperature is determined at this point. 
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The other arm of the cross connects through a mercury seal to a dead- 
weight piston gauge, which serves to measure the pressure. After passing 
the thermocouple well the hydrocarbon enters the expansion capillary 
and in passing through drops to essentially atmospheric pressure at the 
lower end of the capillary. The expanded hydrocarbon vapor then passes 
up around the capillary and inside the first radiation shield. <A little 
above the upper level of the capillary the vapor reverses flow and 
passes downward between the first and second radiation shields. At 
the bottom the flow is again reversed and the vapor passes up the annular 
space between the second radiation shield and the shell of the unit. The 
vapor then passes through the exit pipe around the exit thermocouple well, 
at which point its temperature is 
again measured. The electrical 
energy for heating is supplied by 
the current flowing through the 
electrical resistance of the 18-8 
stainless-steel capillary. Since 
heat is being transferred to the 
gas, the capillary must be at a 
higher temperature than the tem- 
perature at which the enthalpy 
change is being investigated. 
Because of its higher temperature 
the capillary would tend to dissi- P 
pate heat by radiation to the as 
surroundings, and it is the func- CALCULATED 

tion of the radiation shields to ET eal 
intercept this radiant energy and 
transfer it to the flowing vapors, 
and thereby prevent heat loss to 1.0 2 1.4 1.6 182.0 
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rates of flow with varying inlet 

pressures and operating temperatures, it was necessary to use capillaries of 
different sizes. The capillaries were 18-8 chrome-nickel steel hypodermic- 
needle tubing, 0.013 in. inside diameter by 0.025 in. outside diameter, and 
five different tubes of lengths 1, 3, 5,8 and 12ft. were used. These tubes 
were coiled on arbors varying from 14 to 1349 in. and then were sprung 
to the proper length to fit the expansion unit. 

The thermal isolation of the system from the surroundings was 
effected as shown in Fig. 10. The isothermal expansion unit is shown in 
- the center of the diagram inserted in the copper liner, which was insulated 
by magnesia lagging from the hollow aluminum cylinder. The aluminum 
cylinder was wound with an electrical heater and then further insulated. 
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By maintaining the aluminum cylinder at approximately the same tem- 
perature as the expansion unit, such a low-temperature difference 
existed across the lagging between the cylinder and the expansion unit 
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that the heat flow was negligible. The exit lead to the condenser, the 
dead-weight connection lead, and the thermocouple leads were taken out 
through a heated section to prevent heat loss by conduction. 
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The flowsheet including the auxiliary apparatus is shown in Fig. 11. 
The hydrocarbon being tested was stored in A and was pumped by pump 
D to one side of the reservoir F, from which it flowed through preheater 
P and R to the isothermal expansion unit of Fig. 9. After leaving the 
expansion unit the vapor passed to the condensing system and then 
returned to the storage A. In order to maintain constant flow it was 
necessary that the inlet pressure to the capillary be maintained constant. 
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_ This constancy of pressure was obtained by having the feed pump con- 
trolled by the mercury level in the reservoir F. This reservoir was a 
manometer of large capacity, one leg of which was connected to a large 
tank of gas and the other leg served as the hydrocarbon reservoir. When 
the pump was in operation it forced the mercury down on the right-hand 
side until contact H touched the mercury, which by means of a relay 
stopped the pump. As the hydrocarbon flowed out, the gas storage 
forced the mercury up to contact K, which restarted the pump and the 
cycle. The ballast tank L was maintained approximately at the desired 
operating pressure, but owing to the variation of the mercury level in F, 
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slight pressure fluctuations would have developed if this pressure were 
maintained constant. In order to avoid this variation in pressure, gas 
was either bled in from the higher-pressure cylinder M or released through 
the waste-gas line. This fine adjustment of the pressure was manual 
and was controlled so that the piston of the dead-weight gauge floated 
freely at all times. 

The electrical input was measured by calibrated voltmeter and am- 
meter, and the rate of flow was determined by weighing the condensate 
from U over a given period of time. The dead-weight gauge was cali- 
brated against the vapor pressure of carbon dioxide as described by 
Bridgeman. Temperatures were measured with calibrated chromel-P- 
alumel thermocouples to an accuracy of +0.1° C. 
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REsuLTs ON BENZENE 


The effect of pressure on the enthalpy of benzene was determined with 
this apparatus. The benzene used was Baker’s chemically pure and the 
results of this work are summarized in Table 2 and plotted in Fig. 12. 
The values of the change in enthalpy between various pressures and zero 
pressure divided by the absolute temperature are given in Table 2 as a 
function of the reduced temperature (absolute temperature divided by the 
critical temperature) and the reduced pressure (pressure divided by the 
critical pressure). These values have been corrected from atmospheric 
pressure to zero pressure by the use of Young’s pressure-volume-tempera- 
ture data on benzene. This correction was less than 1 per cent of the 
measured (Ho — H,)/T values in all but a few cases. Fig. 12 gives a 
plot of the uncorrected experimental results, with the envelope curve for 
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saturated vapor and liquid being fitted in by the use of Young’s vapor- 
pressure data for benzene. 

These data on benzene cannot be compared directly with values cal- 
culated from pressure-volume-temperature data, because of the lack of 
sufficient measurements of the latter type. However, when the calcula- 
tions based on pressure-volume-temperature data available for other 
hydrocarbons are plotted in this same manner, the difference between 
the plots for the various substances is not very great. These values of 


TaBLE 2.—Results on Benzene 


H, —H 
Values of cc are B.t.u. per Lb. Moles per Deg. R. 


Pr Tr = 0.70 Tr = 0.80 Tr = 0.90 Tr = 1.0 Tr = 1.10 Tr = 1.20 
4.0 ie 14.1 11.5 9.27 7.31 5.52 
3.0 ITaend, 14.3 Moa Z 9.29 7.05 4.75 
2.0 17.8 14.4 LUST 9.14 6.19 3.62 
1.6 LES 14.4 11.7 8.98 
1.5 17.8 14.4 UZ, 4.24 2.65 
1.4 17.8 14.4 UD hGt 8.82 
1.2 17.9 14.5 11.6 8.51 
1 17.9 14.5 11.6 8.18 
1.0 17-9 14.5 11.6 6.05 2.39 1.54 
0.9 Teo 14.5 6) 3.48 
0.8 18.0 14.5 11.5 2.82 1.75 1eel2 
0.5 18.0 14.5 11.5 1.50 0.96 0.61 
0.478 ROS 
0.478 2.6° 
0.4 18.1 14.6 aba) 0.72 0.46 
0.25 LS 14.6 lal 0.65 0.42 0.26 
0.20 18.1 14.6 0.78 0.20 
0.193 14.62 
0.193 1.6? 

0.10 18.2 0.63 0.36 0.24 0.16 
0.0613 18.32 
0.0613 gaye 


_—— 
Pr =P/P, and Tr = T/T.; for benzene P, = 47.89 atmospheres, T, = 561.7° K. 
@ Saturated liquid. > Saturated vapor. 


(H) — H,)/T for propane calculated from the data of Beattie, Kay, and 
Kaminsky® are only about 10 per cent less at the same reduced tempera- 
ture and pressure than the corresponding values for n-heptane calculated 
from the data of Beattie and Kay, and the values for n-butane and 
isopentane fall between the propane and heptane values. Since this 
variation was small, the experimental results on benzene have been plotted 
in Fig. 13 together with the calculated n-heptane lines. The agreement 
is good except at the low of Tp, and the pressure-volume-temperature 
calculations are questionable in this region since extrapolations had to 
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be used. The fact that the data for benzene and n-heptane agree so 
satisfactorily indicates that the enthalpy changes when correlated on the 
basis used in this figure are not greatly affected by organic series to which 


the hydrocarbon belongs. 
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R. C. Gunngess* anp W. C. Epmister,* Whiting, Ind. (written discussion).— 
The data presented in this paper should be valuable. The experimental techniques 


employed are undoubtedly sound. 


A number of methods are available for the determination of the isothermal pressure 


TasLe 3.—Methods of Determining Correction 


T, = 0.90 T, = 1.0 T;, = 1.10 T;, = 1.20 
Py 
Bee aia os bende) | ow | ona 8.) Ef naa | © 

0.1 4.20) 4.24) 4.20} 3.73) 3.14) 3.03) 3.6 Peay ll P48) 

0.2 9.5 Gea Ono 3.14) 4.2 

0.4 21.9 | 22.4 |20.7 12.3 | 10.4 /10.4 

0.5 19.6 | 19.6 | 17.4 | 15.2 | 13.8 |18.2) 9.6 10.8 

0.8 33.8 | 37.0 | 34.2 | 25.8 | 25.2 |22 17.6 {17.8 

0.9 40.9 | 45.6 | 45.3 

1.0 48.7 | 79.2 | 74.8 | 34.2 | 34.3 |30.2) 24.2 |22.9 

1.2 111.3 |109.5 

2.0 120.0 |118.5 89.0 |78.3} 56.8 [52.2 

3.0 121.5 12156 101.0 |91.0} 74.6 |72.0 

4.0 105.0 |95.4} 86.7 |79.0 
ES eid oe 


* Research Department, Standard Oil Company (Indiana). 
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correction to the enthalpy of benzene. Data presented in this paper give the results 
of a direct determination by a constant-temperature experimental technique. Lindsay 
and Brown!! have made similar determinations using the Joule-Thomson expansion 
experiment. Edmister!? has computed the enthalpy correction from a generalized 
correlation of thermodynamic properties of hydrocarbons. Table 3 gives a com- 
parison of the different methods of determining the correction. The correction H is 
expressed in British thermal units per pound to be subtracted from enthalpy at 
zero pressure. This comparison shows a maximum deviation of 10 B.t.u. per pound 
between Edmister’s calculated and the authors’ experimental data. Lindsay and 
Brown’s data are in good agreement with the authors’ except near the critical point. 


11 Lindsay and Brown: Ind. and Eng. Chem. (1935) 27, 817. 
12 Hdmister: Ind. and Eng. Chem. (1938) 30, 352. 


Flow of Oil-water Mixtures through Unconsolidated Sands 


By M. C. Lrevererr* 


(San Antonio Meeting, October, 1938) 


Tue behavior of mixtures of immiscible liquids in porous solids is of 
rapidly increasing interest to those engaged in the production of petro- 
leum. The operation of artificial water-floods and the control of natural 
ones immediately raise questions concerning the fundamental nature of 
such processes. Moreover, it is now recognized that often water occurs 
dispersed throughout the rock from which the oil issues into the well,! 
and thus tends to move toward the well simultaneously with the oil. The 
work reported here is a laboratory investigation of the simultaneous, 
steady-state flow of oil and water through the same column of uncon- 
solidated sand. It is thus directly related to the situation in which water 
occurs in oil-producing sands; it may have less direct implications for the 
displacement of oil from sands by water. However, it is to be clearly 
understood that the experiments to be described were performed pri- 
marily to obtain information of a more or less fundamental nature, and are 
not an attempt to reproduce, on laboratory scale, any part of an oil field. 

The dynamic behavior of a system in which oil and water are flowing 
simultaneously through sand is best described in terms of its ‘‘effective 
permeability” to either phase. For incompressible fluids flowing through 
a system of uniform cross section, the effective permeabilities to the two 
phases, in darcys, may be defined by the equations: 


— QouoN 
Ko = PAOA [la] 
a QultuN 
and Ky = PABA [1b] 


In order to put the results obtained on a comparable basis for different 
sands, the effective permeabilities will be stated as fractions of the normal 
permeability of the sand; i.e., fractions of its permeability to a homo- 
geneous fluid. Algebraically, these fractions are: 


Ky! = Ko/K; and Tay) = anf Es [2a] and [26] 


Part of a thesis submitted to the Massachusetts Institute of Technology in partial 
fulfilment of the requirements for the degree of Doctor of Science in Chemical Engi- 
neering. Manuscript received at the office of the Institute Sept. 23, 1938. Issued as 
T.P. 1003 in Perroteum Tecunouoey, November, 1938. 

1 Production Research Dept., Humble Oil and Refining Co., Houston, Texas. 

1 References are at the end of the paper. 
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A preliminary analysis of the problem indicates that the following 
variables will be significant in determining the respective effective 
permeabilities: porosity and permeability of the sand (and possibly other 
quantities necessary adequately to describe the pore size distribution in 
the sand); viscosity and density of both liquid phases; the interfacial 
tension between the two liquids and their angle of contact on the sand 
surface; and finally, the pressure gradient under which flow occurs. 
The problem, then, is to determine experimentally what may be the effect 
of variations in these factors, and if possible to correlate the results so 
obtained into general statements. 


Nomenclature 


A, cross-sectional area of sand column, sq. cm. 
a, difference between observed relative permeability to water and permeability 
that would be read from the line K,’ = S. 
b, difference between observed relative permeability to oil and permeability 
that would be read from the line Ky)’ = 1 — S. 
C’, fraction of normal electrical conductivity, C’ = Ro/R. 
D, average pore diameter, cm. 
K, homogeneous fluid permeability of sand, darcys. 
Ko, Kw, permeability, darcys, to oil or water, respectively. 
K,'; Kw', relative permeability to oil or water. Ko’ = K,/K. K,' = K./K. 
K’ indicates relative permeability to either phase, not specified. 
M, viscosity ratio, po/pw. 
N, length of sand column under test, em. 
P, pressure differential, cm. mercury (except in equations la and 1b, when P 
is in atmospheres). 
Ro, electrical impedance of sand section with all pore space filled with water. 
R, electrical impedance of same sand section with fraction S of pore space 
filled with water, remainder oil. 
S, water saturation, fraction of pore space filled with water. 
Qo, Qw, volume of oil or water passed in A@ sec. 
X, fraction of effluent from sand that is water. 
a, angle of contact. 
y, interfacial tension, dynes per cm. 
Aé, time interval, sec. 
Ho, Mw, Viscosity of oil or water, centipoises. 
a, displacement pressure, cm. mercury. 
¢, porosity, fraction. 


Previous Work 


Wyckoff and Botset? have investigated a system somewhat similar to 
that used in the present work. These authors reported the results of 
experiments in which gas-liquid mixtures were passed through uncon- 
solidated sands of from 11 to 260 darcys permeability. Additional 
experiments were performed in which oil-water mixtures were similarly 
treated, and it was concluded that the flow mechanism was essentially 
similar for the two systems. Moderate variations in the viscosities of the 
fluid phases failed to affect the relative permeability values. Experi- 
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ments on a wide variety of sands failed to show any marked influence of 
sand structure on permeability, as did also tenfold variations in flow rates 
and twofold variations in surface tension. It thus appeared to these 
investigators that the effective permeability was a unique function of the 
existing water (liquid) saturation, although it was intimated that under 
suitable conditions other variables might become significant. 

Reid and Huntington*® have since verified a part of this excellent 
investigation, and Plummer, Hunter, and Timmerman! have contributed 
data on two-phase flow through sands under different experimental 
conditions. Information concerning the displacement of one fluid from a 
sand by another has been reported by Dunlap,® Hassler, Rice and 
Leeman,® Lindtrop and Nikolaeff,’ and others. 


EXPERIMENTAL Meruops 


The technique employed in the present investigation was closely 
similar to that developed by Wyckoff and Botset. The procedure com- 
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prised introduction, at a steady rate, of a mixture of oil and water into a 
vertical column of unconsolidated sand. Relative permeabilities and 
water saturations were observed after steady conditions had been attained. 

The arrangement of the apparatus is shown in Fig. 1. Fig. 2 shows 
some details of the core holder used for confining the sand. By means of 
the manometer (Fig. 1) the pressure differential across a central section 
of the core could be determined, and this, coupled with measurements 
of the efflux rates of both liquids, viscosities of both liquids and dimen- 
_ sions of the apparatus, sufficed for computation of the effective permeabil- 
ity of the sand column under the test conditions. 
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The water saturation of the core was determined from its electrical 
conductivity. For this purpose, a small 60-cycle current was passed 
through the column in the direction of its long axis. Seven potential- 
measuring electrodes (split brass rings, recessed flush into the noncon- 
ducting walls) divided the portion of the column under observation into 
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Fig. 2.—SEcTrION SHOWING DETAILS OF CORE HOLDER. 


six sections, across each of which the potential drop could be measured. 
The end electrodes were perforated radially, the holes communicating, 
through an annular space back of the electrode, with the manom- 
eter connections. 

In order to avoid inclusion of potential drops due to contact imped- 
ances, the current was introduced at the stainless-steel perforated plates 
supporting the retainer screens, rather than at the electrodes used for 
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measuring the potential drops. In series with the sand column was con- 
nected a variable known resistance. In operation, the value of this 
resistance was adjusted until the potential drop across it was the same as 
that between adjacent potential-measuring electrodes on the core 
holder. The value of the known resistance was then directly the imped- 
ance of the section of the core being examined. A vacuum-tube volt- 
meter was used for making the necessary comparisons of potential drops. 
The division of the sand column into six sections permitted the checking of 
the uniformity of water distribution init. The end sections of the column 
were not included in the tests because some of the preliminary work 
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indicated that the discontinuities at the ends of the column introduced 
disturbing influences. 

It was necessary, of course, to know the manner in which the imped- 
ance varied with water content. This was determined in an apparatus 
small enough to be weighed on the analytical balance, the water satura- 
tion being determined from the density difference between the oil and 
water and appropriate weighings. The results were expressed as the 
‘fraction of normal conductivity’? which the sand-water-oil complex 
exhibited, in the manner of Wyckoff and Botset. Several conductivity- 
saturation observations were made on each system used, and it was found 
that all the observations fell satisfactorily near the same curve (Fig. 3). 
This curve deviates only slightly from that of Wyckoff and Botset. In 


154 FLOW OF OIL-WATER MIXTURES THROUGH UNCONSOLIDATED SANDS 


order to make the water slightly conducting, it was usually made about 
7N in sodium chloride. 

The apparatus for supplying the oil-water mixture to the core is also 
indicated in Fig. 1. Reservoir A contained an oil (kerosene), which, 
when tap water was injected into reservoir A, displaced the conducting 
water out of reservoir B. The conducting water then entered the 
observation chamber dropwise, emerging in a glass chamber filled with 
the oil under test. This oil, in turn, came from reservoir C, from which 
it was displaced by tap water. It too entered the glass observation 
chamber dropwise, emerging in water previously placed in the right-hand 
bulb. The mixture left the observation chamber through a capillary- 
bore tube, which discharged it into the distributing section ahead of the 
sand column. This section, filled with sand, served to smooth out 
irregularities due to the dropwise admission of the liquids. ‘The tap water 
used to displace the liquids from the reservoirs was admitted through a 
throttling arrangement, for convenience in controlling its pressure. 

The procedure used was as follows: Dry sand, previously washed free 
of clayey constituents, and ignited (1000° C.) and screened to size, was 
weighed into the core holder. The latter was then closed and evacuated, 
and previously deaerated distilled water permitted to enter it from the 
bottom. The conducting water (also previously deaerated) was then 
passed downward through the sand under two or three atmospheres - 
back pressure until it was certain that any residual traces of air had been 
dissolved, and all the distilled water displaced. The electrical impedance 
of each section was then determined, and the permeability to conducting 
water measured. 

At this point the displacement pressure® (pressure just insufficient to 
force oil into the completely water-saturated sand column) was deter- 
mined as follows: A tall glass tube was attached vertically to the top 
of the apparatus (Fig. 2). The oil to be used was placed in this tube and, 
with the bottom outlet valve open, allowed to penetrate under its own 
head into the core as far as it would go, forcing water out of the glass 
delivery tube. The pressure corresponding to the difference in hydro- 
static heads when the oil level ceased to fall was then computed from 
the liquid densities, and reported as the displacement pressure. Several 
hours were usually allowed for equilibrium to be attained. 

After measurement of the displacement pressure, the distributing 
section was filled with sand. Oil-water mixtures of constant composition 
were then introduced at various steady rates, the pressure differential, 
efflux rates, temperature and resistances corresponding to each steady 
state being noted after equilibrium had been attained. Since running a 
complete series of observations on a given system required from two to 
six weeks, two complete sets of apparatus were constructed and oper- 
ated simultaneously. 
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RESULTS 


In so far as possible, the experiments were chosen to show the effects of 
variation in a single property of the system, therefore the results will 
be presented in this manner, although there is, obviously, considerable 
unavoidable overlapping. 


Effect of Variations in Liquid Viscosities 


The effects of variations in liquid viscosities were explored in four 
runs. In these experiments sand of the same screen analysis (100 per 
cent 100 to 200 mesh) was used throughout, although, owing to differ- 
ences in packing and in size distribution between the two extremes, it 
exhibited different permeabilities and porosities. Table 1 summarizes 
the properties of the four systems. 


TasLE 1.—Properties of the Four Systems 


System 
Properties 

1 2 3 4 
Panadepermeallity, GAaTCYSi..j...0 0+. t0a0e sores ee 5.1 6.8 3.2 4.2 
WAM OMDONOSUyTEACtIOM ypc... kisi si scwe ee cess « 0.41 0.42} 0.40) 0.41 
AVIIEVISCOSLEVa COM tIPOISCS cm «.ciatemicicyaeie = tre cals ea 3 76.5 ileeasialp Wail 1.63 
Water viscosity, centipoises.................00. 0.85 | .0.86 0.89 | 32.2 
WSOC InhUKey LUGE Ml on ate dias oo.cle mee a Aes 90.0 1.80 0.35 0.057 
Interfacial tension, dynes per cm................] 24. 34. 31. 26. 
Displacement pressure, cm. Hg................. 2.3 2.2 2.8 
SpeciiC grav yeOb Olam carmel, cia suae cls ess sce 0.87 | 0.80] 0.66} 0.80 
Speckicneravilbys OL Waller eel renee cee elere ee sus 1.00 1008) 008) 22 


The oils used were hydrocarbon products, a close-cut hexane fraction 
being the least viscous and a commercial lubricating oil most viscous, 
while kerosene was used for the oil of intermediate viscosity. In one 
run the viscosity of the water was increased by the addition of U.S.P. 
glycerol. Eliminating, for reasons to be explained subsequently, data 
taken at very low pressure gradients, the results were plotted as K’ vs. S 
(Figs. 4 and 5). Although there are relatively small deviations of the 
data from an average curve, there are no systematic deviations of the 
order of magnitude of the viscosity differences. It is concluded there- 
fore that the relative permeability is substantially independent of the 
viscosity of either phase. It likewise appears that relatively small 
variations in interfacial tension, porosity, permeability and liquid density 
differences exert insignificant influences on the relative permeability at a 
particular value of S. 

The lack of influence of liquid viscosity on relative permeability has 
several significant consequences. First, it throws light on the mechanism 
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of flow, since it will be noted that the observed behavior is the same as 
though, at a given value of S, the system were composed of a bundle of 
parallel, noninterconnecting capillary tubes, each of which was filled 
with water alone or oil alone, although such “ pipelike”’ flow probably 
does not completely represent actual conditions in the sand. Other 
mechanisms have been considered, but except at low oil saturations it 
appears likely that most of the al moved through the larger channels, 
which contained very little water. The water, in all probability, fowed 
through channels too small for penetration by the oil and as a con- 
tinuous sheath around each sand grain. The presence of a continuous 
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Fic. 6.—EFFECT OF VISCOSITY RATIO M ON WATER SATURATION CORRESPONDING TO 
PASSAGE OF AN OIL-WATER MIXTURE OF DEFINITE COMPOSITION. 


FRACTIONAL WATER SATURATION 


water sheath is postulated on the assumption that the contact angle was 
zero. While this is believed to have been the case in the experimental 
work, it is not necessarily true of actual oil sands. Finally, in order to 
account for the fact that the sum (Ky’ + K,’) deviates from unity, it 
may be supposed that scattered throughout the sand are droplets of oil 
locked in small cul-de-sacs formed by the configuration of the sand 
pores (i.e., the Jamin effect). This oil not only does not flow, but 
obstructs the flow of water. 

A second consequence becomes apparent on replotting the data to 
show S, the water saturation resulting when a mixture, of which a fraction 
X is water, is passed through the sand column. This has been done in 
Fig. 6 for the four runs summarized in Table 1. Under the experimental 
conditions, the viscosity ratio M influences to a marked degree the com- 
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position of the mixture issuing from a sand containing a given fraction 
of its pore space filled with water. In this connection it is important 
to recall that these data were taken at pressure gradients that were rela- 
tively high. Indeed, it is likely that in an actual oil field pressure 
gradients of this magnitude occur only very near wells. It will be shown 
later that the S-X relation (Fig. 6) is strongly influenced by changes in 
P/N, the pressure gradient. 

The curves of Fig. 6 are flat over much of their length; there is thus 
indicated a comparatively narrow range of water saturations at which 
mixtures containing substantial proportions of both liquids will be pro- 
duced. When the oil viscosity is low this range of water saturations 
lies fairly high on the water-saturation coordinate. Since the oil satura- 
tion at this point is correspondingly low, the amount of oil that may 
possibly be recovered after the sand commences to make substantial 
quantities of water is also small. In contrast, when the viscosity of the 
oil is high, the range of water saturations at which mixtures containing 
substantial proportions of both liquids will be produced lies fairly low on 
the water-saturation coordinate. It is inferred from this fact that the 
amount of oil that may possibly be recovered is large. However, in 
this second condition large amounts of water will accompany the oil, 
and recovery of such an o@l will necessarily be more costly than recovery 
of an equal amount of a less viscous oil. 

A further consequence of the appearance of the curves of Fig. 6 is that 
low oil viscosity will, in general, correspond to a relatively low fraction 
of water in the production from a sand. There is, then, an evident 
advantage to be gained by maintaining as much as possible of the original 
gas in solution in the oil, since its loss increases the oil viscosity. 

Although Fig. 6 shows actual data points, it is to be remarked that 
the curves of Fig. 6 may be computed from those of Figs. 4 and 5 together, 


since, at any particular value of S 
1 
xX sod 2 Ee 
Ko Kw ay, 1 [3] 
Kw’ Ho 


Wyckoff and Botset likewise concluded from their experiments that 
the relative permeability was independent of viscosity. Their data are, 
over much of the saturation range, displaced relatively to the right of the 
curves of Figs. 4 and 5. This is believed to be associated with a funda- 
mental difference between the two cases, in that in the present work oil 
may enter pores no smaller than the critical size determined by the pres- 
sure gradient and interfacial tension; in gas-liquid flow, however, gas 
may be released from solution at any point within the liquid at which 
the absolute pressure drops below the saturation pressure of the solution. 
Gas may thus exist, momentarily, in any pore, however small. 
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Effect of Variations in Pressure Gradient 


Early in the experimental work, it was discovered that in general the 
permeabilities observed were lower when measured at low pressure differ- 


e. P/N = 0.06. 
Fic. 7.—S vs. X RELATION FOR SAND OF 1.04 DARCYS PERMEABILITY. 


entials than at high ones. This result is completely understandable in 
view of the nature of the Jamin effect, which presumably accounts for 
most of the deviation of the sum (K,’ + K,’) from unity. However, it 
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was found that the effective permeabilities observed at very low (less 
than about 0.1 to 0.2 cm. mercury per cm.) pressure gradients were 
highly erratic, this characteristic becoming more pronounced as the 
pressure gradient was further decreased. This effect, while possibly 
due in some degree to the lack of inherent reproducibility of conditions in 
the system, was probably due principally to unavoidable inaccuracies in 
measuring the pressure differentials. The inaccuracies are thought to 
arise from the fact that the pressure differentials being measured were of 
the same order of magnitude as the pressures set up by capillarity at the 
boundaries of the sand mass. The observed pressure differential there- 
fore might be in error by the amount of these unknown capillary pressures. 

However, the degree of reproducibility obtainable on plots of S vs. X 
is affected to a much smaller degree by low pressure gradients. Fig. 7 
shows the influence of P/N on the S vs. X curves for a sand of 1.04 darcy 
permeability. M was about 0.35. The value of P/N shown on each plot 
is the average value for the several points appearing on that plot. 

While the curves change their shapes only slightly at the higher 
pressure gradients used, reduction of P/N to 0.2 produces an unmistak- 
able flattening of the curve, while at P/N = 0.06, S is almost independent 
of X over a large part of the range. This is a fact of possible practical 
importance, since it indicates that the composition of the mixture pro- 
duced from a sand containing both oil and water is importantly influenced 
by the pressure gradient (and hence the rate) at which production occurs. 
Under the experimental conditions, it appears that where the water 
saturation is less than about 65 per cent it will be advantageous to produce 
at slow rates, since the liquid recovered will then be almost entirely oil 
until a saturation of about 65 per cent water is reached. Above 65 per 
cent water saturation, some reduction in percentage of water produced 
should attend an increase in the flow rate, but inasmuch as the percentage 
of water in the stream will always be high, this will yield a somewhat 
smaller advantage than slow production below 65 per cent water satura- 
tion. Furthermore, it is extremely unlikely that pressure gradients 
approaching P/N = 0.5 will ever be attained over any considerable part 
of an oil field. 

The discussion of the data presented here in terms of field-scale prac- 
tice is merely for the purpose of clarifying their general meaning, and their 
direct application to any particular case must be made cautiously and 
with full knowledge of the prevailing conditions. 

The tendency of the S-X curves to become straight, horizontal lines 
indicates the progressive narrowing of the range of water saturations at 
which both oil and water are produced in substantial quantities from the 
same sand as the pressure gradient is reduced. It is indicated too that at 
low pressure gradients once water appears in the production from such a 
sand it will rapidly become a large part of the mixture produced. 
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Effect of Variations in Interfacial Properties 


The interfacial properties of the oil-water-sand complex may be 
expressed in terms of the oil-water interfacial tension, and the contact 
angle of the two liquids on the solid. The latter factor is not susceptible 
of direct measurement on irregular surfaces, but Bartell? has discovered 
that its cosine bears a linear, but empirical, relation to the displace- 
ment pressure. 

The displacement pressure in relatively coarse solids, such as sands, 
may be supposed still to be linear in y, the interfacial tension and the 
cosine of the contact angle a. However, Bartell reports that his empirical 
proportionality constant is no longer valid when the particle size of the 
solid exceeds certain limits, or if the degree of compaction to which the 
powdered solid is subjected is insufficient. It thus appears that the dis- 
placement pressure in such coarse sands as those in which oil usually 
occurs does not have the quantitative significance it appears to have under 
the special conditions indicated previously. The displacement pressure 
_ does, however, embody directly two factors difficult to determine sepa- 
rately; namely, the contact angle and the effective geometry of a par- 
ticular element of the sand. These facts alone would justify use of 7, 
the displacement pressure, as a measure of the strength of capillary forces 
within a particular sand. However, the most cogent argument is the very 
obvious one that it is, directly, the minimum pressure differential that 
suffices to force oil through the sand through the least resistant channel, 
and is thus closely related to the Jamin effect in this channel. The pres- 
sure differential required for other channels may be supposed to be 
related to this minimum value. Hence the displacement pressure 
is to be regarded as an index of the magnitude of interfacial forces in the 
present experiments. 

It was believed that the sand surface in the present work was entirely 
covered with a water film, due to the generally hydrophilic nature of silica 
surfaces and the method of preparation of the sand. The presence of 
such a film is indicated too from the similarity of the S-C’ curve (Fig. 3) 
to the corresponding curve for gas-liquid mixtures reported by Wyckoff 
and Botset. It is almost certain that for the gas-liquid mixtures a 
was zero. Variations in z, in this work are, then, probably due to varia- 
tions in y, the interfacial tension and in the pore size of the sands used. 

In order to effect a large variation in 7, it was desired to reduce y 
to a fairly low value. The first attempt to do this comprised the addition 
to the conducting water of a reducer of interfacial tension of the sodium 
alkyl sulphate type. The result was the formation of practically rigid 
kerosene-water emulsions within the sand, thus verifying the experience of 
Wyckoff and Botset. However, on substituting for the kerosene a pure 
organic liquid of which the interfacial tension against water was low (amyl 


* 
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alcohol), the trouble disappeared and a series of observations was made in 
the usual manner. y was about 5 dynes per cm. and m about 0.24 cm. 
mercury. The sand used was 100 per cent 100 to 200 mesh, hence the 
results are comparable with those of Figs. 4 and 5. They are plotted 
in Fig. 8, with the average curves from Figs. 4 and 5 presented for com- 
parison. There is evidently a small but definite tendency for the system 
to exhibit higher relative permeabilities as 7 is decreased by decreasing 7. 
This effect is in opposite direction to the one caused by a decrease in the 
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Fic. 8.—Comparison or J’ vs. S RELATIONS FOR TWO LIQUID PAIRS OF WIDELY 


DIFFERENT INTERFACIAL TENSIONS. 
applied pressure differential, and is, again, what would be predicted from 
the general nature of the Jamin effect. 


Effects of Variations in Sand Structure 


Exploration of this phase of the problem has been limited to sands of 
three different size assortments (Tables 2 and 3). Sand I willberecog- 
nized as the one used in the experiments summarized in Table 1. Table 3 
also summarizes the conditions under which observations were made on 
sands II and III. 

The experiments on sands II and III were conducted at several pres- 
sure gradients. The data obtained at approximately the same pressure 
gradients as the average of the data plotted in Figs. 4 and 5 are plotted in 
Fig. 9. Despite the rather erratic appearance of the data for sand II, it is 
concluded that it shows characteristics decidedly different from those of 
sands I and III, which appear (probably fortuitously) to be very similar. 
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Fig. 9.—CoMPARISON OF PERMEABILITY-SATURATION RELATIONS FOR THREE DIFFERENT 
SANDS. 


TaBLE 2.—Sizes of Sands 


Screen Analysis, Per Cent 


Sand 
100 to 200 Mesh 200 to 325 Mesh Through 325 Mesh 
LG Ln Eo ee 100 0 0 
LINE, ac 2 RCS aCe ere 50 25 25 
IAT et eon eee 25 25 50 
TABLE 3.—Properties of Sands 
Properties Sand II Sand IIl 
SEMeA lth aC ale Vai were ume weet reucmeal aera ccerte ys ectaseag dl mre Dearest one Urs) 1.04 
HAONOSIGYEITAC ION Leni omeiteer Lack wey yee, sue wid se bal ode 0.35 0.45 
OUEVISCOSILY A CENIINOISES Harte emesis sunt oun ths oe setts dicngue ier ale 1.63 0.30 
Water viscosity, CeNntIpOISes....--. 274-7. 542-02 re kets eee ee 0.91 0.88 
i BamADLL VATA CIO PAUL Hie ort et tI he Goce eo TE ae leg 1.79 0.34 
ImPeriacialetension, cyimes pel CMllaanesies <a ceeds pseed hele Sle ale 30. 34, 
Displacement pressure, cm. mercury..... 1.2.0... 000-00 e eee 4.6 3.0 
Sieciicer re Vill yal Olly te eres ae tie siete Sol che Cinna iol olen oys! ayctinus 0.81 0.66 
Specific gravity of water............... FF EEE SE caer 1.01 1.01 
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Unfortunately, an insufficient number of sands have so far been investi- 
gated to permit generalization of the permeability-saturation relation in 
terms of properties of the sand. One may suppose that this relation is 
closely associated with the pore-size distribution, for which a quantitative 
expression is not to be obtained from the usual measurements of macrc- 
scopic porosity and permeability. For the present it can only be said 
that considerable differences in behavior between different sands have 
been observed. 


Effect of Variations in Liquid Densities 


The fact that, in the experiments described, the liquids were passed 
vertically downward through the sand (it was feared that horizontal flow 
would give rise to stratification within the core) raises the question of 
whether the observed permeabilities are not too high for the denser 
phase and too low for the lighter one. Experiments performed to clarify 
this point indicated that errors due to this cause were present, but that 
they were not significantly large. 


CORRELATION OF RESULTS 


It has already been pointed out that insufficient data are as yet 
available to show the manner in which the permeability-saturation rela- 
tion varies with changes in the characteristics of the sands used. How- 
ever, considerable information has been obtained on the variation of the 
K'-S relation with pressure gradient and interfacial tension. Attention 
will therefore be directed to correlating the effects of these two variables 
for the particular sands investigated, with the hope that when additional 
data are available the correlation may be generalized to include sands of 
various pore-size distributions. 

Now, it appears likely that the major cause of the deviation of the sum 
(Ko’ + K.’) from unity is the presence in the sand of discrete globules of 
oil, which are lodged against openings too small to permit their passage 
under the existing pressure gradient (the Jamin effect). Supposing that 
the average length of the oil globules is proportional to D, the average 
pore diameter, the average pressure differential per globule is evidently 
proportional to PD/N. This pressure differential is opposed by capillary 
forces which are proportional to 7, the displacement pressure, and if all 
the globules were equal and identically situated none would move until 
PD/N exceeded a certain critical value proportional to 7. However, the 
globules are not all of the same size, nor are they identically situated, so 
that at a particular pressure gradient. it may be supposed that a certain 
proportion of the globules have been forced through the apertures against 
which they were lodged. It will now be assumed that this proportion is a 
function only of the dimensionless group rN/PD. However, the relative 
permeability is also related to the proportion of the oil globules that have 
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been dislodged, and one may as well assume that the relative permeability, 
or some quantity related to it, is a function of rN /PD, but not neces- 
sarily a unique function, since it is already known that, at constant values 
of the variables appearing in the above group, K’ is a function of the water 
saturation S. 

In testing the data to see whether, in fact, they fit the assumption that 
K’ is a function only of S and rN/PD, it will be convenient to have a 
reference permeability, deviations from which will be correlated, rather 
than the permeabilities themselves. 
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Fic. 10.—PuLors sHOWING VARIATION OF @ WITH tN /PD at VARIOUS VALUES OF S. 
DaTA TAKEN ON SANDS I anp III 

It has been pointed out previously that the system behaves as though 
composed of a bundle of parallel, noninterconnected capillaries of various 
sizes. If such a hypothetical bundle were supplied randomly with oil 
and water so that there would be no segregation of either liquid in a 
particular size of tube, but so that any given tube contained only one or 
the other liquid, the permeability-saturation plots would be straight 
45° lines passing through the corners of the diagram; i.e., simply the 
diagonals. In actual sands, however, because of interfacial forces, 
deviations from these lines occur, but it may be supposed that such 
deviations would disappear in a hypothetical sand-oil-water system in 
which the same tubelike flow prevailed but in which all interfacial forces 
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Fia. 11.—PLors SHOWING VARIATION OF b witH zN/PD aT VARIOUS VALUES OF S. 
DaTA TAKEN ON SANDS [ anp III. 
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Fie. 12.—RELATIVE PERMEABILITY TO OIL AND WATER AS A FUNCTION OF WATER SATU- 
RATION WITH THE GROUP rN /PD ASA PARAMETER. CALCULATED FROM FIGS. 11 AND 12. 
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had been reduced to zero. Actually, reduction of the displacement 
pressure does decrease the deviation from the diagonals, and increasing 
the pressure gradient, which reduces the relative importance of inter- 
facial forces, has the same effect. The diagonals, therefore, will be used 
for reference purposes, and the deviations from them will be used for 
correlation with rN/PD and S. It will be noted that it is not assumed 
that these deviations will become indefinitely small as the value of 7 is 
indefinitely reduced, although the assumption that both will decrease may 
be used as an aid in extrapolation of the data. 

The term D, appearing above, may not be evaluated directly, but it is 
customary to assign to it the numerical value of the diameter of each tube 
of a hypothetical bundle of circular, parallel, straight, identical capillaries 
which would, in bulk, have the same porosity and permeability as the 
sand under observation. Numerically, D, in centimeters, is: 


D = 5.63 X 10-*~/K/¢ [4] 


The steps taken to determine whether K’ varies systematically with 
aN /PD at a given value of S were as follows: 

1. A series of K’-S observations was made at a constant value of 
tN /PD; i.e., at constant pressure gradient for a particular system. 

2. These were plotted to show the deviation (a for water and b for 
oil) of K’ from the diagonals. Numerically, 


a=-S — kK,’ and b=1-—S-—K,’ [5a] and [5)] 


3. Several such curves, obtained on sands I and III, were then cross- 
plotted to show a (or 6) as a function of rN /PD at constant values of S. 
The results of this operation appear in Figs. 10 and 11. 

There is a smooth variation of a (and b) with rN/PD. 

From the curves of Figs. 10 and 11 can be computed the effective 
permeabilities corresponding to any values of S and tN/PD. Fig. 12 
shows the results of such a computation for sands I and III, the data for 
which were combined. 

In order to show the extent to which this correlation describes the 
data, one may utilize the fact that plotting the data as (Kw’ + a) vs. 
S and (Ky’ +b) vs. S should give straight lines passing through the 
corners of the diagram. This has been done for sands I and III in 
Fig. 13, on which are shown not only the data from which the correlation 
curves were established but also an approximately equal number of data 
that were not used in establishing the correlation, since they were not 
part of a series of observations made at constant values of +N /PD. 
These data were taken on sands I and III, the liquid viscosities, density 
differences and pressure gradients covering a fairly wide range of values, 
with smaller variations in 7. The data in Fig. 13 indicate that, while 
there are a number of fairly large individual deviations from the correla- 
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Fig. 13.—GENERAL AGREEMENT OF ALL DATA ON SANDS I anp III WHEN CALCULATED 
DEVIATIONS FROM DIAGONALS ARE ADDED TO OBSERVED RELATIVE PERMEABILITIES. 
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tion, the general agreement is satisfactory. Qualitatively similar results 
were obtained on the other sand investigated, and Fig. 14 shows curves 
corresponding to Fig. 12 for this sand. 


CONCLUSIONS 


From the results of the experimental work performed, it is concluded 
that the relative permeability of an unconsolidated sand to oil-water 
mixtures is substantially independent of the viscosity of either liquid, 
but is related to its pore size distribution, and to the displacement pres- 
sure, pressure gradient and water saturation that characterize the 
process. It is pointed out that the effects of these variables are in the 
direction to be predicted from a knowledge of the Jamin effect. It is 
concluded that the most probable mechanism of flow comprises segrega- 
tion of most of the flowing oil in the larger channels between sand grains. 
Each such channel is believed to be substantially full of oil, except at very 
low oil saturations, when the oil probably moves as discrete droplets 
through the channels. In either case some oil is thought to be stationary 
within the sand. The water is believed to flow through the channels 
that are not occupied by oil, and, in the present case, as a continuous film 
around each sand grain. 

It is proposed that, for a particular sand, the relative permeability 
to either phase is a function of the water saturation and the dimensionless 
group NV /PD only, and it is shown that the data presented substantiate 
this view. 
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H. G. Botset,* Pittsburgh, Pa. (written discussion).—This paper presents an 
excellent and thorough study of the phenomena involved in the flow of oil-water 
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mixtures through unconsolidated sands. The use of the rN /PD relationship in study- 
ing the deviations of the permeability-saturation curves from straight lines has proved 
to be very fruitful. It is gratifying to see conclusions derived at this laboratory, after 
comparatively meager experiments, as to the relative unimportance of interfacial 
tension, compressibility and viscosity on the permeability-saturation relation, so 
thoroughly confirmed by the present paper. 

It is interesting that the curves of Fig. 7 never rise above 80 per cent water satura- 
tion, even when the effluent liquid is practically 100 per cent water. At the two 
lowest gradients the maximum water saturation is even slightly lower. This is what 
would be expected from the concept of equilibrium saturation; a minimum saturation 
in the dispersed phase (in this case, oil) is built up, even if only a trace of the dispersed 
phase is present. In gas-liquid mixtures this equilibrium saturation is maintained only 
for very low pressure gradients, but in oil-water mixtures it appears to be maintained 
for comparatively high gradients, doubtless because of the greater viscosity and incom- 
pressibility of the oil droplets compared to gas bubbles. This is further confirmed 
by the curves of Fig. 6, which for practically 100 per cent water in effluent indicate a 
maximum water saturation that is progressively lower for increasing oil-water 
viscosity ratios. 

The permeabilities of the sands discussed in this paper were low enough to be in 
the range of actual producing sands, so that the relationships established, together 
with those for gas-liquid mixtures, may now be regarded as applying to the entire 
range of unconsolidated sands. 

Experiments recently completed in this laboratory on the flow of gas-liquid mix- 
tures through consolidated sandstone are in agreement with the conclusion expressed 
in this paper that it is the characteristics of the sand, rather than the properties of the 
fluids, that are important in determining the details of the permeability-satura- 
tion relation. 


G. D. Hoxsson,* London, England (written discussion).—The method used for 
determining the displacement pressure is open to some criticism, for it appears that 
there will be some uncertainty about the lowest position of the continuous oil within 
the sand. Even resistance measurements will not locate the position of the oil accu- 
rately. Admittedly the uncertainty may not be important with fine sands, but it will 
be where the displacement pressure is low. 

It would have been preferable to plot the data in Fig. 6 for a given pressure gradient 
or total throughput of liquid, for when considering data that are affected by so many 
variables, as many variables as possible should be maintained constant, otherwise the 
picture becomes very complicated. 

The displacement pressure is not ‘‘the minimum pressure differential that suffices 
to force oil through the sand... .’”’ It is the minimum pressure required to force 
oil into the water-filled sand. However, there is little doubt that it is proportional to 
the pressure required to cause movement of the oil within the sand. It is very impor- 
tant to distinguish between forcing oil into a sand and moving it when it is within the 
sand. Simple analysis of the problem shows that the pressure necessary to move oil 
within the sand will be determined by the increase in curvature that must be imposed 
on a globule to cause it to pass through the pores where they are smaller than the glob- 
ule in its free state; i.e., if it does not fill the larger parts of the pores, or in its equi- 
librium state if it presses against the pore walls. In the case of uniform spheres in 
close packing, if we take the displacement pressure as the pressure that will just cause 
continuous entry of oil into the pores, it would appear that the maximum curvature 
changes will involve a pressure oscillation of 0.3 of the displacement pressure, in the 
absence of resisting factors other than interfacial tensional. 


* Department of Geology, Imperial College of Science and Technology. 


DISCUSSION 171 


Experimental data regarding the effects of density differences would have been of 
great interest in view of the choice of vertically downward movement in these experi- 
ments. Comparison of the values of S (water concentration within the sand) for 
given oil-water flow ratios and over-all rates of flow upward and downward would 
have given a clue to the magnitude of the buoyancy effect in relation to the interfacial 
tensional forces that must be overcome in moving oil within a sand. For the condi- 
tions indicated above, S will be greater for downward flow than for upward flow. 


M. C. Levererr (written discussion).—The maximum uncertainty in determina- 
tion of the displacement pressure due to lack of knowledge of the position to which 
the oil penetrated the sand was always less than 0.2 cm. mercury. Since the displace- 
ment pressures were more than ten times this uncertainty and the system was insensi- 
tive to small changes in the group tN /PD, no appreciable change in the results would 
have appeared had w been more accurately measured. 

Mr. Hobson correctly distinguishes between the pressure required to force oil 
into a water-saturated sand and that required to move oil within the sand. This 
distinction was, of course, appreciated early in the work described here. 

The data appearing in Fig. 6 are replotted from those of Figs. 4and 5. They were | 
taken at. approximately the same pressure gradient. 

Exploratory experiments to determine the magnitude of the “buoyancy effect” 
showed that S (water saturation) was higher for upward than for downward flow, in 
accordance with theory. The difference was, however, small. Additional experi- 
ments, not reported in this paper, indicate that interfacial forces are considerably 
stronger than those due to the difference in densities between the liquids used in 
these experiments. ; 


Effect of Pressure Reduction upon Core Saturation 


By H. G. Borser* anp M. Musxat* 


(San Antonio Meeting, October, 1938) 


Any information that will increase the accuracy of our knowledge of 
the conditions prevailing in petroleum reservoirs should be of direct 
value in the determination of the proper operating technique as well as 
in the estimation of reserves and of ultimate production. The obvious 
method of obtaining this information is by studying a sample of the 
reservoir rock and its contents. In any such study, the problem of 
primary importance and maximum difficulty is that of getting the core 
to the surface in such a manner that its original fluid content is undis- 
turbed, which has so far proved to be an impossible task. Though it 
might be rash to say this will never be done, it is certainly safe to assume 
that a method for the recovery of a core at the surface in its undisturbed 
original state may not be developed in the immediate future, and certainly 
will not be forthcoming without a great deal of costly experimentation. 

Therefore any information that may be obtained that will help to 
correlate the state of a core (its fluid saturation) at the surface with its 
condition at the time it was drilled should be of value to the petroleum 
industry. The experiments described in this paper were undertaken 
with the purpose of determining, if possible, any relationship that might 
exist between the saturation of a core at the surface and its original fluid 
content. No consideration has been given to the question of contamina- 
tion by penetration of drilling water, since this problem has been exten- 
sively studied by other investigators.'-*? Furthermore, it was regarced 
as outside the scope of. these experiments, which were concerned only 
with the effect of pressure reduction upon the liquid content of cores. 

In an experimental study of this sort involving a large number of 
variables, accurate control of all factors is very important. The essen- 
tial and obvious procedure is to vary systematically one factor or condi- 
tion while keeping all the others constant, which necessarily involves a 
rather protracted and sometimes tedious experimental program. 

The procedure adopted was essentially very simple, and consisted 
merely in filling a given core with fluid (gas and oil, gas and water, or 


Manuscript received at the office of the Institute Oct. 14, 1938. Issued as T.P. 
1025 in Perrotpum TecuNo.oey, February, 1939. 
* Gulf Research and Development Co., Pittsburgh, Pa. 
1 References are at the end of the paper. 
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gas, water and oil) at the desired pressure; then reducing the pressure 
to atmospheric at a suitable rate and determining the final liquid satura- 
tion of the core. 

The variables involved in this procedure are: the porosity of the core, 
its permeability, the nature of the liquid (or liquids) and gas, the satura- 
tion pressure, and the rate of pressure reduction. The variation of only 
one factor at a time makesit necessary 
to perform a whole series of experi- 
ments on a single core, otherwise it 
would be difficult to correlate results 
with porosity or permeability. Con- 
sequently, the experiments were so 
designed as to permit the repeated 
use of a given core. A further limita- 
tion on the experimental technique 
was the necessity for accurately weigh- 
ing the core to determine its porosity 
and saturation. This restricted the 
core to a size that could be conven- 
iently handled and weighed on an 
analytical balance. The core used 
was 3.2 cm. long and 2.7 cm. in diam- 
eter, the total volume thus being 
18.3 ¢.c. (This varied slightly, of 
course, from core to core.) 


jf LLL LLL LLL ELT LEA 


APPARATUS 


The apparatus used for saturating 
the core was very simple (Fig. 1). 
It was designed to stand a pressure Fic. 1.—APPaRATUS FOR SATURATING 
of 3000 lb. per sq. in., and was made aga 
of stainless steel to eliminate the possibility of corrosion when water was 
being used. The cylinder A was the oil reservoir and had a capacity of 
about 130 ¢c.c. It was made long and narrow so that there would be a 
comparatively small area of contact between the oil and the gas. This 
reservoir was connected by means of the brass needle valves and copper 
‘tubing to the core holder B. Within this core holder is a stainless- 
steel cylinder C, whose inside diameter is such that a very gentle pres- 
sure is required to slide the core into the cylinder. The ends of the 
cylinder are provided with gaskets to prevent by-passing of the fluid 
along the outside. The necessity for weighing the core to determine its 
fluid content prevented the use of any sealing material to hold the core 
in the cylinder. Therefore this close, sliding fit was used, with the 
assumption that there would not be excessive by-passing of the fluid 
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between the cylinder wall and the core. The experimental results appear 
to justify this assumption. 


EXPERIMENTAL TECHNIQUE 


The method of determining the pore volume of a core also served to 
check on the performance of the apparatus. The core was dried and 
weighed to a milligram on an analytical balance. It was then placed in 
the core holder and filled repeatedly with carbon dioxide from a pressure 
cylinder at approximately 900-lb. gauge. This served to flush out the 
air contained in the pores and to fill them with carbon dioxide. The 
reservoir was then filled with distilled water and attached to the core 
holder. The water was allowed to seep slowly into the core holder from 
below, displacing the carbon dioxide, which escaped through the valve 
at the top. When the water began to flow from the valve on top of 
the core holder this valve was closed and 600 or 700 lb. pressure was 
placed on the system by connecting the reservoir to the carbon dioxide 
tank. This pressure was maintained for 15 or 20 min. while the water 
was allowed to flow dropwise from the valve at the top of the core holder. 
When about 25 c.c. of water had flowed through the core holder, the 
pressure was reduced to atmospheric and the core removed from the 
holder. The excess water was wiped from the core by quickly touching 
the surface with a dry towel and the core was placed in a glass weighing 
bottle and weighed. Knowing the temperature, the volume of water 
in the core was calculated. This, of course, was the pore volume. The 
core was then dried in an oven and the procedure repeated. The con- 
sistency of results obtained showed that this method was really adequate 
to fill all the pores of the core. The weights of water in three determina- 
tions on a Berea sandstone core were 1.962, 1.951 and 1.977 grams. The 
maximum variation here is 0.8 per cent. On two other Berea sandstone 
cores duplicate tests gave pore volumes of 3.610 and 3.606 c.c. on one 
core; 3.582 and 3.594 c.c. on the other. Porosity measurements on two 
Nichols Buff sandstone cores gave, on one core, 4.061 and 4.059 c.c. pore 
volume; on the other, 4.091 and 4.087 c.c. The results on all of these 
cores were very close to porosity determinations made in the usual way. 

The saturation experiments were performed in a manner essentially 
similar to that used in determining the pore volume. In the preliminary 
experiments water was the liquid used, since the core could be cleaned 
and made ready for a new experiment by simply drying in an oven for an 
hour or so, while the use of an oil such as kerosene involved the employ- 
ment of a soxhlet extraction with subsequent oven drying, which length- 
ened considerably the time required for a given experiment. When 
water alone was used as the saturating liquid, the gas was carbon dioxide. 
When kerosene was used the gas was either carbon dioxide or a natural 
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gas from the city gas lines, analyzing about 83 per cent CH,, 16 per cent 
C2H¢, and 1 per cent No. 

The procedure for the saturation experiments was as follows: The 
core was placed in the holder and the pores filled with gas by the process 
described for the determination of the pore volume. The reservoir was 
almost filled with liquid and connected to the gassupply by copper tubing, 
then the liquid was saturated with the desired gas (CO, or natural gas 
compressed into a pressure cylinder) at the desired pressure. The reser- 
voir cylinder was then connected to the core holder and the liquid allowed 
to flow very slowly through the core at a pressure appreciably in excess 
(20 to 100 Ib.) of the saturation pressure. Previous experiments on the 
flow of gas-liquid mixtures through sands‘ had shown that this methoid 
was adequate to saturate the core with liquid. When 50 c.c. of liquid 
had flowed through the core the pressure tank was closed off and the 
pressure on the core was reduced to atmospheric at any desired rate. 
As soon as atmospheric pressure was reached the core holder was dis- 
connected from the system and the core removed from the holder, 
quickly wiped with a cloth just sufficiently to remove the excess liquid 
on the surface, placed in a weighing bottle and weighed. Knowing the 
weight and density of liquid in the core, as well as the pore volume, the 
saturation was easily calculated. 

In order to simplify the experiments, the cores were cut from only 
two different sandstones, the Berea and Nichols Buff. Two cores were 
prepared from each of these sandstones. The pertinent data on these 
cores are contained in Table 1. 


TaBLe 1.—Physical Data on Sandstone Cores 


Nichols Buff Sand- 


Berea Sandstone bone 


Core 1 Core 2 Core 1 Core 2 


MOtaleviOlumMe NCrCrah) nite Ge ene e es Undiauete soldat s 18.79 18.85 18.51 18.87 
Poresy olumaehyctcrrerjeiescisceitns en a: Bie Mont: 3.588 | 3.608 | 4.060 | 4.089 
Effective porosity, per cent...1:...........6- 19.10 19.13 | 21.94 | 21.67 
Permeability, Garcles) .. cm <2 viccq esc sale 0.23 0.23 0.48 0.48 


The final saturation obtained in a number of preliminary experiments 
on Berea sandstone, in which the fluids were water and carbon dioxide, 
averaged very close to 65.5 per cent for saturation pressures ranging from 
100 to S00 Ib. per sq. in. gauge. In similar experiments using kerosene 
and natural gas at saturation pressures of about 1700 lb. per sq. in. the 
final saturation averaged 76.9 per cent. The average final saturation 
for five experiments on Nichols Buff sandstone, with kerosene and natural 
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gas as the fluids, was 76.2 per cent. In these experiments the pressure 
on the core was reduced at a comparatively slow rate to simulate the 
gradual pressure drop experienced as a core is brought up a well. How- 
ever, for these first experiments there was not available a suitable means 
of controlling the rate of pressure drop at the higher pressures. 

After a suitable pressure regulator had been obtained, which permits 
close control of output pressures up to 5000 lb. for input pressures up to 
5500 Ib. per sq. in., a more accurate regulation of pressure conditions 
was possible. In general, the rate of decrease of pressure on the core 
was maintained at about 15 lb. per min., which corresponds roughly to 
the rate at which a core barrel is brought up a well. It turns out that 
in this region the rate of pressure decline is not very critical and appreci- 
able variations in the rate result in negligible variations in final saturation. 


Errect oF WATER CoNTENT ON Loss oF OIL 


Since practically all oil-field cores contain three fluids—gas, oil, and 
water® the first set of experiments was made with cores containing all 
three. Water was introduced into the cores in a very simple manner. 
The dry core was placed on end in a flat dish containing a little distilled 
water. The water rose by capillarity and gradually saturated the core. 
When the entire core appeared to be wet it was placed in a glass flask 
and evacuated by a Hyvac pump. This evacuation produced a generous 
evolution of gas bubbles over the entire surface of the core, showing that 
all pores of the core had by no means been completely filled with water. 
After the flask had been pumped down to a pressure of a few millimeters 
of mercury, it was connected to a supply of natural gas and filled to 
atmospheric pressure. This process was repeated several times to insure 
a practically complete elimination of air from the pores of the core. 
Knowing the pore volume of the core, the weight of water required to 
fill it to a given saturation was easily calculated. The core was weighed 
at intervals during the evacuation process until the desired weight was 
reached to within a few milligrams. The core was accurately weighed, 
placed in the core holder, and subjected to the treatment described 
above for determining the kerosene saturation, care being taken to keep 
the fluid velocities through the core at a very low value, to prevent 
flushing out any of the contained water. If even a minute amount of 
water was displaced from the core, it was immediately evidenced, upon 
opening the core holder, by the presence of tiny droplets of water on the 
inside of the holder. The core was removed and weighed, the difference 
between this weight and that when core contained only water giving the 
weight of oil from which was calculated the oil volume and oil saturation. 

Series of experiments were run on both Berea and Nichols Buff sand- 
stone cores. The results are contained in Table 2, and plotted in Figs. 
2 and 3. The experiments showed that it is possible to have a water 
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saturation of 60 per cent and still have no water expelled when the pres- 
sure is reduced at the rate of 15 lb. per sq. in. per minute. 


TaBLE 2.—Cores Containing Water and Kerosene 


Final Kerosene Final Kerosene | Kerosene Pro- 


Saturation : Final Total : 
Pressure, Ub. |e qd "barGone| Eat par | Liauid Satu. | Seturetion, Fer | duoed. Per Cent 
Space ’ Kerosene Present 
Berea SANDSTONE 
1,500 45.7 22.7 68.4 41.8 58.2 
1,350 39.1 33.3 G25 54.7 45.3 
1,260 S267 40.4 73.1 60.0 40.3 
1,200 15.6 57.3 72.8 67.9 32.1 
1,200 60.0 10.7 70.7 26.7 73.3 
1,100 21.6 52.9 74.5 67.5 82.5 
900 33.3 32.3 65.7 48.4 51.6 
900 273)83 46.3 69.5 60.3 39.7 
900 47.1 23.2 70.2 43.8 56.2 
Nicuots Burr SANDSTONE 

1,000 58.3 15.4 73.8 36.9 63.1 
980 49.2 21.8 70.9 42.9 Olas 
980 44.0 30.4 74.4 54.3 45.7 
920 39.1 29.5 68.6 48.5 DLs 
900 8.3 62.1 74.1 67.7 32.3 
900 17.6 47.7 68.8 57.9 42.1 
900 29.8 88.9 68.8 55.4 44.6 
900 41.7 25.6 67.4 43.9 Dom 
900 21.4 50.3 71.7 64.0 36.0 
900 14.5 55.4 69.9 64.8 SB Taint 


The table shows that the final total liquid saturation is essentially 
constant, regardless of the amount of water initially present in the core. 
This means that the higher the water saturation, the larger the percentage 
of kerosene that is produced, or that higher water saturations will result 
in higher recovery efficiencies for the oil. This statement, which at first 
may seem rather questionable, becomes reasonable when it is recalled 
that the water is contained in the smaller pores and re-entrant angles 
between the sand grains where there is little, if any, flow during produc- 
tion. The gas, in coming out of solution in the oil, will tend to expand 
into the larger pores and push the oil out of them, leaving the very small 
pores only slightly affected if at all. When the sand contains only a 
small amount of water it occupies the finest of the pores and capillary 
spaces; as the percentage of water increases it occupies more and more 
of the larger pores, and at high water saturations forces the oil to occupy 
only the very largest pores, where the producing or displacing forces are 
most effective, thus resulting in a more efficient production of the oil. 
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In fact, the system behaves as though it contained a fixed group of 
large pores, which can be freed of liquid as long as the order of magnitude 
of the absolute pressure and the pressure gradients is kept fixed. Until 
the water content becomes so high that it extends into this group no 
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Fig. 3.—RELATION BETWEEN KEROSENE AND WATER SATURATION FOR NicHOLs BUFF 

SANDSTONE. 

water will be produced, and the final saturation of the oil will decrease 
linearly with the water content. For still higher water saturations, it is 
probable that the oil recovery will be practically complete and that some 
of the water will also be expelled during the production, although the 
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present apparatus is unfortunately not suited to studying cores with very 
high water concentrations. This relation between water saturation 
and the fractional oil production is shown in Fig. 4, the data also being 
taken from Table 2. Although a strictly linear increase of fractional oil 
recovery with water saturation is not consistent with a linear decrease 
of the final oil saturation, the straight lines in Figs. 2 to 4 do represent 
the data with sufficient accuracy for all practical purposes. 
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Fia. 4.—RELATION BETWEEN WATER SATURATION AND KEROSENE PRODUCTION. 


VARIATION OF THE RESIDUAL OIL WITH THE ABSOLUTE 
PRESSURE 


As the saturation pressures and rates of production for the experiments 
discussed in the last section were all of the same order of magnitude, a 
more detailed study was made to see whether the absolute value of satura- 
tion pressure would greatly affect the results. This question is important 
from a practical point of view in seeing whether the loss of oil in bringing 
a core up a well should vary materially with the depth of the sand from 
which the core was taken. A series of experiments was therefore per- 
formed with the Nichols Buff sandstone core, filled with kerosene and 
saturated with natural gas at various pressures. Since only the effect 
of the pressure was of interest here, no water was introduced into the cores. 

The results are shown in Fig. 5. From the very slow variation of the 
ultimate kerosene saturation with the saturation pressure, especially at 
the higher pressures, it will be clear that the absolute pressure will not 
greatly affect the amount of oil expelled while the core is being brought 
up. from the well. This result essentially means that the successive 
additions of gas to the kerosene, brought about by the increase of the 
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saturation pressure, will result in decreasing increments of additional oil 
expulsion. In terms of the gas-oil ratio during the course of the expulsion 
of the oil, this implies that the final stages of the expulsion are asso- 
ciated with the very high gas-oil ratios. From a production standpoint, 
this means a very inefficient recovery of the oil in the later stages of 
the recovery. 

It is interesting to note that these results confirm the implications 
of the original studies made at this laboratory on the flow of gas-liquid 
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ON FINAL SATURATION. DECLINE ON FINAL SATURATION, 


mixtures through unconsolidated sands, wherein it was found that the 
gas permeability increases very-rapidly with decreasing liquid content 
of the pores. Tn fact, a theoretical calculation of the relation between 
the final liquid content and the saturation pressure, similar to that 
shown in Fig. 15 of the paper cited above, gave results of the same 
order as shown in Fig. 5. As was to be expected, the agreement was not 
exact, since the data on permeability versus liquid saturation that were 
used here were taken from the earlier paper, for which they had been 
derived for unconsolidated sands. 
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Liqguip Recovery versus Rare or Pressure DECLINE 


It is generally recognized that the expulsion of liquid by gas from the 
pores of the sand is largely determined by a balance between the capillary 
forces tending to retain the liquid in the smaller parts of the pores and 
the pressure gradients associated with the natural flow of the gas, which 
tends to drive out the liquid as though it were an ordinary viscous fluid. 
These gradients in turn are determined by the rate at which the pressures 
at the boundaries of the system are permitted to decline. Experiments 
were performed, therefore, to see how the loss of oil from a core would 
be affected by the rate of pressure decline. Again in these experiments, 
no water was introduced into the cores, as only the effect of the rate of 
pressure decline was of special interest. The results are shown in Fig. 6. 

As is to be expected from physical considerations, higher rates of pres- 
sure decline tend to result in greater recoveries of oil. As previously 
suggested, this simply means that the higher pressure gradients associated 
with the higher rates of pressure decline are able to overcome the surface- 
tension forces in a larger number of the pores than are the lower pres- 
sure gradients. 

The detailed variation of ultimate liquid saturation with the rate of 
pressure decline must obviously depend upon the distribution of the pore 
sizes within the sand. If the gradation of pore sizes is continuous, 
increasing increments of the pressure gradient should result in continu- 
ously increasing oil recoveries. If, however, the pore-size distribution is 
largely concentrated about pores of large size and pores of small size, 
the growth of recovery with increasing pressure gradients will become 
small after the large pores have been depleted, and only when very much 
higher gradients are imposed: on the system will appreciable depletion 
of the small pores take place. This is apparently the situation involved 
in the Nichols Buff sandstone core used in the present study. Thus at 
rates of pressure decline below about 1 to 1.5 lb. per min., a minimum 
production is obtained, which is independent of the rate of pressure 
decline. At rates only slightly higher, there is a large increase in 
production, which implies a large number of pores of nearly the same 
size which are flushed out at this more or less critical rate between 1 and 
2 lb. per min. At higher rates of pressure reduction the curve flattens 
out and very large increases in rate are necessary to obtain very small 
- increases in production. Moreover, this picture fits in also with the 

results discussed above on the relation between the oil recovery and the 
water content. For if there were a flat distribution of pore sizes in these 
cores, it would be expected that some production of water would have 
been observed for saturations below 60 per cent. Nor would the recovery 
_of the oil have been so definitely independent of the water content up to 


such high saturations of water. 
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As just mentioned, at very low rates of pressure decline, Fig. 6 shows 
a slow variation of the recovery with the rate of decline. In fact, the 
data indicate an asymptotic limit of 10 per cent recovery, even though the 
rate of pressure decline becomes vanishingly small. This limit corre- 
sponds to the equilibrium saturation of similar sandstone cores, as found 
in some preliminary experiments on consolidated sands that were carried 
through in the same manner as were those on unconsolidated sands.‘ 
Thus, as the unconsolidated sands originally indicated, there appears to 
be a minimum recovery of liquid associated with the locking of the gas in 
the pores until the liquid saturation falls to its “‘equilibrium”’ value. 
For greater recoveries than these, it is necessary to have a mass flow of 
the gas and a dragging of the liquid through the pores by the pressure 
gradients inducing the flow of the gas. 


GENERAL DIscUssION 


While from the point of view of the problem of bringing a core up a 
well bore, the present study indicates the specific result that the produc- 
tion should be of the order of 25 to 30 per cent, with little or no loss of 
water unless the sands have abnormally high water contents, the experi- 
ments are also of interest from the point of view of general production 
problems. For in principle the process of bringing a core up a well is 
nothing more than permitting a small sample of the reservoir to go through 
its complete production history. However, the gradients in such a 
process are very much higher than anything that would occur in an 
ordinary producing sand except in the immediate vicinity of the well 
bore. As Fig. 6 shows, such an accelerated history will lead to recoveries 
considerably higher than will be determined by the main body of the 
sand at great distances from the well bore. Unfortunately, advantage 
cannot be taken of the greater recoveries possible under the high rate 
of pressure decline, but one must rather accept the low rates that will 
obtain in practice and study the system under such conditions. From 
this point of view, experiments of the type described here with the associ- 
ated technique should provide a means of predicting the order of magni- 
tude of the ultimate recoveries when the rates of pressure decline are 
kept at very low values. Because of the asymptotic behavior of the 
curve of Fig. 6 at very low rates, it is fortunately not necessary to keep 
the rate of decline down to infinitesimal values, and experiments in 
which the pressure is released over an interval of 24 to 48 hr. should 
suffice to give results of reasonable reliability. 

The present study, therefore, provides a technique for laboratory 
determination of the probable ultimate recovery to be obtained from oil 
reservoirs. Of course, in such experiments it would be desirable that 
samples of the actual oil and gas as well as the cores from the producing 
pay be used rather than such idealized fluids and porous media as have 
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served the purpose of the present study. In fact, general field experience 
of obtaining recoveries of the order of 20 to 35 per cent directly indicates 
that the results will vary appreciably with the nature of the sand, so 
that from a quantitative point of view actual cores from the producing 
pay would be necessary to give trustworthy results. 

Fig. 5 also is of interest with regard to general production practice in 
showing the inefficiency of excessive amounts of gas in expelling com- 
mensurate quantities of the fluid content of the rock. In fact, a specific 
experiment in which a core filled with kerosene saturated to 900 lb. pres- 
sure was resaturated with gas to 900 lb. after an initial recovery experi- 
ment gave a final saturation of kerosene that was only negligibly different 
from that obtained with the initial gas content. Again, the quantitative 
effects of this kind will depend upon the nature of the pore-size distribu- 
tion. But the qualitative result that one must expect an extremely slow 
variation of oil recovery with total amount of dissolved gas appears to 
be definitely established. 
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DISCUSSION 


(Paul Weaver presiding) 
R. L. Huntineron,* Norman, Okla.—What method was used in saturating the 
crude oil with gas before the core was wet with this gas-saturated crude? 


H. G. Borsnr (written discussion).—The oil was saturated with gas by connecting 
the oil reservoir A, in Fig. 1, to the tank of compressed gas through flexible copper 
tubing and a reducing valve. The reducing valve was set at the desired pressure and 
the reservoir was shaken until the oil was saturated. 


* Director, School of Chemical Engineering, University of Oklahoma. 


Interfacial Tension between Water and Oil under 
Reservoir Conditions 


By Cy Ro Hocoerr? 
(San Antonio Meeting, October, 1938) 


Tue distribution and movement of fluids in oil reservoirs are influ- 
enced to a great extent by capillary forces, which depend upon the size 
and shape of the pores in the reservoir rock, the surface characteristics 
of the rock, and the interfacial tension between the fluid phases. This 
paper presents the results of an investigation of the interfacial tension 
between salt water and crude oil containing dissolved gas under reser- 
voir conditions. 


APPARATUS AND PROCEDURE 


In the preliminary phases of this investigation, it was found that a 
scum formed at the oil-water interface, which made measurement of 
interfacial tension by either the ring or capillary rise methods unreliable. 
Accordingly, the drop-weight method, in which a fresh interface is con- 
tinuously formed, was selected. In this method, a tip through which 
drops of one fluid can be expelled is immersed in a second fluid. At the 
instant that the drop becomes large enough to fall, the gravitational force 
tending to pull away the drop exactly balances the interfacial force 
tending to hold it. From the size of the drop, the dimensions of the 
tip, and the density of the two fluid phases, the interfacial tension may 
be calculated. 

The apparatus consists of a circulating pump for bringing the oil to 
equilibrium with gas at the desired pressure, a displacement pump for 
forming the drops, an interfacial tension cell in which the drops are 
formed, and a density cell to determine the density of the oil. The 
density of the water is determined separately in another apparatus. A 
flow diagram of the assembled equipment is shown in Fig. 1. 

The interfacial tension cell contains a stainless-steel dropping tip 
suspended from the top and extending below the surface of the oil. The 
tip is a cylindrical rod with a small hole in the center through which the 
water was forced to form the drop on the lower face. The walls of the tip 
were highly polished, to prevent the water on the tip from creeping up 
the side and increasing the effective diameter. The face of the tip, how- 
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ever, was roughened, so that the tip would remain water wet throughout 
a series of determinations. The roughening was accomplished by scratch- 
ing the face of the tip in two perpendicular directions by rubbing it on 
No. 40 carborundum powder immersed in water on a flat metal surface. 
The cell also contains a pair of insulated electrodes placed far enough 
below the tip not to interfere with drop formation, yet always above the 
water level. When the drop falls from the tip, it bridges the gap between 
the electrodes and is detected by a buzzer in the electrode circuit. 

The drops were formed by means of a small displacement pump which. 
withdraws water from the bottom of the interfacial tension cell and forces 
it back through the tip without changing the volume of the system. The 
first part of the drop may be formed fairly rapidly, but in order to obtain 
accurate results the last portion of the drop must be formed very slowly. 
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Fig. 1.—FLow DIAGRAM OF INTERFACIAL TENSION APPARATUS. 


The volume of the drop was determined from readings of the vernier 
of the pump between successive drops. The drop volumes were repro- 
ducible to about 0.002 c.c., which is within +0.5 per cent of the average 
size of the drop. This pump is also used to bring the oil and water to 
equilibrium by forcing the water through the tip several times fairly 
rapidly before the drop volumes are measured. 

The density cell contains an insulated traveling electrode and a metal 
hydrometer. The hydrometer consists of two cylindrical plummets con- 
nected by a steel rod of small diameter. The upper plummet, made of 
aluminum, is immersed in oil, and the lower, made of stainless steel, is 
immersed in mercury. The immersion of the hydrometer is a function 
of the density difference between mercury and the oil. The position was 
determined by moving the traveling electrode until it touched the 
hydrometer, completing a circuit through a buzzer; the calibrated scale 
on the electrode was then read. The density of the oil was reproducible 
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to about 0.003 gram per cubic centimeter, which limited the over-all 
accuracy of the measurements of interfacial tension to approximately 
2 per cent. 

Determinations were made in a constant-temperature water bath. 
The apparatus was charged by first adding water and forcing a few drops 
through the tip, after which, with the valve to the tip closed, oil was 
charged to the desired pressure. Determinations were made over a range 
of pressures from atmospheric to above the pressure of the reservoir from 
which the sample was taken. The pressure was decreased by bleeding gas 
off through the charging line, the circulating pump being used to bring the 
oil and gas to equilibrium as the pressure was increased or decreased. 


0.10 


0.68 


vs 
Fia, 2.— Drop VOLUME CORRECTION, EQUATION 1. 


CALCULATIONS 


The interfacial tension is calculated from the tip radius, drop volume, 
and oil and water densities. If the drop had the same radius as the tip 
and broke completely free from the tip, no correction would be needed. 
Actually, however, the drop pinches off and breaks considerably below 
the face of the tip, leaving a residual portion. Harkins and his coworkers 
have developed a correction for the fraction of the drop that falls as a 
function of the drop volume and tip radius.1. The two curves developed 
by them are shown in Figs. 2and 3. The equation for interfacial tension 
using the correction of Fig. 2 is 


° vApg 


"© Banfte/o™ a 


1 Harkins et al.: Jnl. Amer. Chem. Soc. (1916) 38, 228-253; (1917) 39, 854-364, 
541-596; (1919) 41, 499. 
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= interfacial tension in dynes per centimeter. 
v = drop volume in cubic centimeters. 
density difference between water and oil, grams per cubic 
centimeter. 
g = acceleration due to gravity (c.g.s.). 
r = tip radius in centimeters. 
f(r/v*) = correction read from Fig. 2. 

So long as the ratio of the tip radius to the cube root of the drop 
volume is such as to be in the flat portion of the curve in Fig. 2 (i.e., 
0.8-0.9), no further correction is needed. Four tips were made with 
diameters of 0.7, 1.0, 1.5, and 2.0 cm., in order that a tip size might be 
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Fic. 3.—DRoP VOLUME CORRECTION, EQUATION 2. 


selected for each oil, so that the ratio would be as close as possible to the 
desired limits. However, other sizes of tips may be used provided the 
further correction shown in Fig. 3 is used. This correction is made by 
using the value of 7 obtained in equation 1 and solving for a factor a from 


the equation 
27 
a=, j— 
gAp 


From the value of r/a, the correction ¥(r/a) is read from Fig. 3, and the 
final equation becomes 


54 vApg 
1 Qarb(r/a) [2] 


The interfacial tension is solved for in this equation by trial and error, 
value of a being recalculated until constant y is obtained. 
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RESULTS 


The interfacial tension between water and subsurface samples of oil 
from the following fields was determined: Anahuac, Chambers County, 
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Fic. 4.—INTERFACIAL TENSION BETWEEN OIL AND WATER. 


Texas; Conroe, Montgomery County, Texas; and K.M.A., Archer and 
Wichita Counties, Texas. In each case, the determinations were made 
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TaB_eE 1.—Tabulation of Results 


Interfacial Tension Surface Tension 
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at reservoir temperature and at pressures from above the saturation 
pressure to atmospheric. Also, the surface tension of a subsurface 
sample of water against gas was determined at two temperatures. All 
data are tabulated in Table 1 and are shown graphically in Figs. 4 and 5. 
Curve 1 in Fig. 4 shows data on a sample from the Anahuac field. 
Production is from the Frio sand in the lower Oligocene formation. The 
sample was taken at a depth of 6850 ft. and had a saturation pressure of 
3120 Ib. per sq. in. gauge at 178° F. When flashed to atmospheric pres- 
sure at 78° F., the sample yielded 640 cu. ft. of gas per barrel of residual 
oil. The specific gravity of the gas was 0.716, and the gravity of the oil 
80 
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Fie. 5.—SURFACE TENSION OF WATER AGAINST GAS. 


33.5° A.P.I. at 60° F. Hydrocarbon analyses on subsurface samples 
of the oil show the oil to be lean in the light hydrocarbons between 
methane and heptane. 

Curve 2 shows data on a sample from the Conroe field. Production 
is from the lower Cockfield or Conroe sand in the Eocene-Tertiary for- 
mation. The sample was taken at a depth of 5000 ft. and had a satura- 
tion pressure of 2035 lb. per sq. in. gauge at 170° F. When flashed to 
atmospheric pressure at 78° F., the sample yielded 550 cu. ft. of gas per 
barrel of residual oil. The specific gravity of the gas was 0.862, and the 
gravity of the oil 36.9° A.P.I. at 60° F. The gas obtained under these 
conditions was fairly rich in the intermediate hydrocarbons, containing 
about 2.4 gal. of isobutane and heavier per 1000 cubic feet. 

Curve 3 shows data on a sample from the K.M.A. field. Production 
is from the Kemp City lime in the Upper Pennsylvanian formation. The 
sample was taken at a depth of 3850 ft. and had a saturation pressure of 
1570 lb. per sq. in. gauge at 130° F. When flashed to atmospheric pres- 
sure at 78° F., the sample yielded 650 cu. ft. of gas per barrel of residual 
oil. The Procite gravity of the gas was 1.068, and the gravity of the 
oil 41.3° A.P.I. at 60° F. 
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Fig. 5 shows data on the surface tension of a subsurface sample of 
water against gas at two temperatures, 78° F. and 150° F. The gas, 
taken from the tubing of a gas well, was stripped at high pressure with 
activated charcoal and consisted mainly of methane with small amounts 
of ethane and propane. 


CONCLUSIONS 


From the results of this work, the following tentative conclusions 
may be drawn: 

The interfacial tensions between water and the oils examined were all 
of about the same magnitude. Because the age and properties of the oils 
studied varied widely, it may be that the interfacial tension between 
water and most sweet crudes will be in this same range. No sour crudes 
were examined. 

The quantity of gas in solution affects slightly the interfacial tension, 
which increases with the amount of dissolved gas. The effect of increas- 
ing the pressure on an oil containing a constant amount of dissolved gas 
is to decrease slightly the interfacial tension. 

There is a rough trend between interfacial tension and the density 
of the oil, the higher gravity oils having lower interfacial tension 
against water. 

The surface tension of water against gas is greatly influenced by the 
pressure of the gas, ranging from values about equal to the surface tension 
of water against air at atmospheric pressure (72 dynes per cm.) to values 
approaching the interfacial tension of water and crude oils at pressures 
in the neighborhood of 3000 to 4000 lb. per square inch. 


DISCUSSION 
(W. E. Winn presiding) 


H. K. Livineston,* Austin, Tex. (written discussion)—The apparatus devised 


by Dr. Hocott is very ingenious, and the results that it is now possible to obtain by - 


use of it will contribute much to proper analysis of reservoir conditions. It is to be 
hoped that more extensive data will be published in the future. It is interesting to 
note that Dr. Hocott has used Harkins’s drop-weight'method instead of the duNouy 
ring-pull device, which at first appears to lend itself to remote control more readily. 
Earlier equipment for measuring surface tension under pressure generally used the 
duNouy method with a solenoid and remote electric control. 


* Department of Petroleum Engineering, University of Texas. 


Surface Chemistry of Clays and Shales 


By Auten D. Garrison* 
(San Antonio Meeting, October, 1938) 


Tue chemistry of clays and shales has been assuming increasing 
importance in the petroleum industry, and two factors have greatly 
influenced this trend. The first has been the growing evidence that the 
marine shales are source beds, and that the petroleum compounds have 
migrated to the sand reservoirs overlying or underlying these shales: 
the second has been the demand for drilling fluids better adapted to 
penetrate these marine shales without difficulty and expense. 


ORIGIN AND GENERAL COMPOSITION OF CLAYS AND SHALES 


Clays, shales and surface soils are all closely related materials. They 
are mixtures of finely divided compounds formed during the weathering 
of the solid crust of the earth. Their nature is essentially colloidal; 
that is, their behavior is determined by the state of division of the 
materials and the surface reactions of the smallest grains. Many of 
their chemical changes affect only the exposed areas and do not involve 
the interior of the grains of matter. The extent of these reactions is 
more nearly proportional to the area of the substances than to their 
mass, therefore it is possible for a small amount of a material in an 
extremely fine state of division to completely dominate the character 
of the mixture. 

More than 83 per cent of the crust of the earth is composed of three 
elements—oxygen, silicon and aluminum. Consequently, the corrosion 
products of the crust are predominantly aluminosilicates, or compounds 
of aluminum, silicon and oxygen. 

If we add the compounds of six elements—iron, calcium, sodium, 
potassium, magnesium and hydrogen—more than 98 per cent of the 
crust has been accounted for. These six elements, together with the 
first three, also appear in soils, clays and shales. 

But direct chemical analysis is of little value in describing the nature 
of such materials. Many chemical individuals may be present in variable 
amounts, and the extreme subdivision of any one of the individuals may 
contribute qualities that dominate the mixture. 
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According to a geochemical estimate of the lithosphere,' the solid 
crust that is available to chemical analysis and estimation and extends 
to a depth of about five miles below sea level, about 5 per cent of the 
earth’s crust has weathered. About 4 per cent of the lithosphere may 
be classed as clay or shale, 1 per cent as limestone or sandstone, and the 
remaining 95 per cent as unattacked igneous rocks. 

The chemical weathering of the igneous rocks has resulted largely 
from the attack of the two substances, water and atmospheric carbon 
dioxide. The feldspars and the hornblendes, which compose most of the 
igneous rocks, are not stable in the presence of these atmospheric agents 
and reactions take place that are similar to the following illustration, 
which is the accepted reaction for the formation of kaolinite, a clay 
mineral, from orthoclase, a feldspar: 


K,.0-Al.03:68102 - H,O pas H,.0-A1,03:2Si02 - K.0-48i0.2 


Orthoclase Kaolinite 


The orthoclase and the kaolinite are chemical identities, having definite 
crystalline patterns. The potassium hydroxide released during the 
reaction is instrumental in rendering some of the silica (SiOz) soluble 
enough to be washed away by rain. 

Orthoclase is a familiar example of a large class of feldspar minerals. 
Chemical analyses of these minerals present a bewildering complexity, 
owing to a widespread tendency toward isomorphism. Iron may substi- 
tute for aluminum in almost any of its positions in the crystals. Since, 
in minerals, molecules have completely lost their identity and the atoms 
are spaced in regular patterns, the substitution of an indefinite number 
of iron atoms for an equal number of aluminum atoms at random spots 
in the structure makes for infinite chemical complexity. Magnesium 
may also take the place of aluminum, and sodium, calcium and potassium 
are scattered throughout the mineral structures in exchangeable posi- 
tions. After weathering of the feldspar minerals, the resultant clay 
minerals exhibit the same isomorphism and bewildering complexity. 
But W. L. Bragg? is encouraging in this matter when he says: ‘‘On the 
other hand, when the structure is taken into account, the apparently 
bewildering varieties of composition are seen to fall into an extremely 
simple scheme.” 


STRUCTURE OF ALUMINOSILICATES 


In spite of their complexity, the aluminosilicates may be classed in 
three simple structual groups: fiber structure, micaceous structure and 
framework structure. The first has rigid binding in only one direction; 
like the strands of a cord they resist separation in one direction but are 
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easily pulled apart in the other two directions. The fibrous zeolites 
are typical of this group. The second group has rigid binding in two 
directions and weak attachment in the third. They split easily into 
thin sheets, and frequently separate spontaneously in liquids. Mica, 
talc, kaolinite, the bentonites and pyrophyllite are among the micaceous 
minerals. Pauling* has shown that the easy cleavage of these minerals 
is readily explained by their structure. The third group has rigid binding 
in all directions in space. The structure may be compact and imperme- 
able, or, like the framework zeolites used in water softening, the structure 
may be so open and porous that ions may move in and out of the spaces. 
Clays, shales and the surface soils contain all of these types, but in the 
smaller grain sizes the micaceous type predominates and is more likely 
to determine the behavior of the mixture. 


THe Cray MINERALS 


The typical minerals of clays and shales are micaceous in structure, 
consisting of thin hexagonal flakes with easy and perfect cleavage. 
There can be little doubt that they are all based upon the sheet of linked 
silicon-oxygen tetrahedra. The bonding in the plane of the sheet is 


Fia. 1.—SIMPLIFIED DIAGRAM OF KAOLINITE. 


strong. Micaconsists of two sheets of silicon-oxygen tetrahedra cemented 
together with a sheet of aluminum atoms and hydroxide groups and these 
three-ply sheets are attached more loosely by layers of potassium atoms. 
When a sheet of mica is cut with a knife, the separation takes place at 
the weak plane of potassium atoms. 

Ross and Kerr‘ distinguish four main groups of clay minerals: (1) the 
kaolin group, (2) the montmorillonite group (bentonite), (3) the potas- 
sium-bearing clays, (4) a more evasive group occurring in many shales. 
Grim, Bray and Bradley’ have described a group, which they call “TIllite” 
and which may be materials from group 3. 

Definite data on crystal structure are available for only the first 
group. Fig. 1 shows a simplified sketch of kaolinite, and provides a 
basis for description of what is known of the other groups, and for a dis- 
cussion of the surface chemistry of the clay minerals. The figure repre- 
sents a unit sheet of kaolinite in section. The very rigid binding through 
the sheet occurs near the top, where three of the four corners of each of the 
tetrahedra are linked together in rings that would appear as hexagons if 
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viewed from above. ‘The fourth corner of each tetrahedron is downward 
and linked to the aluminum atoms, which in turn are linked on either 
side to oxygens and hydroxide groups. The pattern is continued indefi- 
nitely until the broken edge is encountered. The sheets lie in piles but 
are easily separated, as in mica. It is possible for these sheets to enter 
into chemical reactions as units, although they may contain indefinite 
numbers of atoms, depending on the sizes of the sheets. The chemical 
nature of the top of the sheet is different from that of the bottom, and 
both are radically different from the chemical reactions that may take 
place at the broken edges. 

Other clay minerals resemble kaolinite, but their structures have 
not been solved. Montmorillonite is particularly interesting because 
it has found wide use in drilling fluids and has some of the properties of 
kaolinite exaggerated to the extreme. The ratio of SiO2:Al.O; in the 
chemical analysis is higher, being about 4:1, and the deficiency appears 
to be partly made up with calcium, sodium or magnesium. The chemical 
evidence that will be presented seems to indicate that the last three 
elements may be isomorphous with the aluminum in a structure that is 
much like kaolinite. 


SURFACE CHEMISTRY OF THE CLAY MINERALS 
Retention of Water 


Kelly, Jenny and Brown’ have studied the extent to which soil 
colloids and minerals retain water and have explained their results in 
relation to the crystal structures. They present evidence that there 
are three ways of holding water in combination: (1) crystal water, 
(2) broken-bond water, (3) planar water. 

The crystal water is combined into the crystal structure as part of 
the pattern. It is very firmly bound. Kaolinite must be heated to 
about 500° C. to drive out the crystal water and the anhydrous com- 
pounds that remain are totally unlike kaolinite. Water is formed by 
splitting out two of the hydroxyl groups in Fig. 1, leaving a single oxygen, 
and combining the other into H.O. In all the low-temperature reactions 
through which clays and shales proceed, the crystal water remains intact. 

Water attached to clay minerals, and which may be driven off below 
350° to 400° C., is usually combined at the surface of the sheets or frame- 
work structures, and, therefore, classed as adsorbed water. This is a 
typical reaction in surface chemistry. The nature of the surface to 
which the water is attached determines the strength of bonding, the 
amount of water bound, and the temperature at which the water may 
be driven off. 

Broken-bond water is that which is attached at the broken areas of 
the framework structures, at the broken edges or rims of the micaceous 
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Structures, and at the smaller ends of the fibrous structures. Fine 
grinding of the particles increases the capacity to adsorb broken-bond 
water by increasing the areas over which the crystal patterns become 
discontinuous. On the other hand, it is possible to cleave the micaceous 
platelets, or split the fibrous structures without breaking the rigid 
crystal bonds, and, therefore, without increasing the broken-bond 
water. Kelly, Jenny and Brown have shown that the water held in 
combination by several typical minerals may be greatly multiplied by 
fine grinding, and that the temperature required to remove this broken- 
bond water is more than 200° higher than the normal boiling point of 
water. In the normal lives of clays and shales in nature, this type of 
water would not be removed, and it would increase when any natural 
grinding forces break the crystal structures. 

Planar water is not rigidly attached to the clay minerals. It is 
held by weak electrostatic forces along the tops or bottoms of the flat 
plates of the micaceous minerals. In Fig. 1, the top and bottom of the 
sheet of kaolinite may be seen to consist of silica tetrahedra and aluminum 
octahedra, or tetrahedra, respectively. These areas are chemically 
saturated; their chemical combining power has been used up from the 
inside of the sheet, a condition that is not found at the broken edge, 
where some chemical combining power remains. The only forces remain- 
ing to attract water are weak electrostatic forces, which are due to slight 
surface polarity. Water held on these areas may evaporate almost as 
readily as free water. 

It is planar water that causes the swelling of clays when wet and the 
shrinking when dry. Since it is almost as free as ordinary liquid water, 
the surface soil colloids attract water to these areas only when excess 
water is available, but lose it again when the air becomes dry. The 
attraction is strong enough to pry the sheets apart in many minerals, of 
which the bentonites form an extreme case. This is evidence that the 
top and bottom of the sheets attract water more strongly than they 
attract another sheet. Deep shales have had most of the water of this 
kind pressed out from between the sheets by the overburden, and fre- 
quently cause much trouble in drilling operations because they tend to 
swell by adsorption of the water of the drilling fluid as planar water. 

Pauling’ has pointed out that the sheets of a material like kaolinite 
are polar. The silica tetrahedra in the top layer are more negative 
than those of the bottom layer of aluminum and oxygen groups. This 
polarity would encourage the water to slip into the space between the 
plates. One may well imagine that the kaolinite is partly soluble in 
water in one direction in space but insoluble in the other two directions. 

-The bentonites have this swelling ability to the extreme. They are 
known to be sheet structures similar to kaolinite, but the ratio of silica 
to alumina is almost twice as large, and the deficiency is partly made up 
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by the oxides of potassium, sodium, calcium and magnesium. The 
chemical evidence is such that a prediction may be made that when the 
structure is better known these four metals will be found to be partly 
isomorphous with aluminum in a kaolinlike structure. This would 
greatly increase the polarity of the sheet, causing the bottom to assume 
a greater positive charge than the top, and thereby account for the great 
thickness of the water layers that may occur in the bentonites. Bradley, 
Grim and Clark® have obtained X-ray evidence that water may pile 
up between sheets of a sample of Wyoming bentonite to a thickness of 
24 layers of molecules, merely under the influence of moist air. Bentonite 
may be said to be freely soluble in water in one direction in space, that 
perpendicular to the planes of the sheets. The double sheet structure 
sometimes assigned" having silica tetrahedra on each side could not have 
such polarity, and is not accepted by Bragg.? 


Ionization and Base Exchange 


The phenomenon of base exchange was first observed in the year 
1845 by Thompson® and later was studied by Way.'° Many papers 
have been published on the subject.!!. Bradfield!? has shown that the 
colloidal aluminosilicic acids of the soil are relatively strong acids and 
may be titrated with bases much like any acid. Electrodialysis of soil 
colloids and bentonites yields relatively strong acids showing pH+ about 
2to3in water. These are colloidal acids; that is, the anions, or negative 
ions, consist of the colloidal clay sheet and hydrogen ions are released 
into the water. 

The bottom of the colloidal kaolinite sheet is composed of oxygen and 
hydroxide groups forming a part of the crystal pattern (Fig. 1). This is 
the side that, according to Pauling, tends to be positive in polarity. 


It is evidently possible for the hydrogen ions of these bottom layers to ~ 


ionize into the water just as those of any acid. The only difference 
between this acid and an ordinary soluble acid lies in the rigid lateral 
binding through the sheet, and the subsequent rigidity of the colloidal 
anion. 

The bentonites yield particularly strong acids. The same increase in 
polarity that has been spoken of as the explanation of the extreme swelling 
in bentonites contributes to the easy release of the hydrogen ions and 
consequent acid strength. 

The fact that the equivalent weight of the bentonite is not dependent 
on the particle size is evidence that the layers of water between the 
sheets are thick enough to permit the ions to move in and out. 

When all the OH groups on the faces of the sheets are replaced by 
O-Na groups, the clay acid becomes a sodium clay salt. This occurs 
above a pH+ of about 9. The sodium ion escapes more easily than the 


b 
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hydrogen ion, therefore the sodium clay is more inclined to be completely 
ionized, to have a higher total negative charge on the micell, or anion, 
and therefore to form more stable suspensions. Quantitative data have 
been presented by Jenny and Reitemeier!* demonstrating that the extent 
of ionization of the colloidal clay salts increases in the order Cs < Rb < 
NH, < K < Na < Li for the ions of single valence and Ba < Sr < 
Ca < Mg for the ions of double valence. The hydrogen ions are more 
tenaciously attached than any of the metal ions mentioned above. 
Since the ionization of sodium and lithium clays is more complete than 
that of others, leaving sheets that have high negative charges, there is a 
decided tendency for these clays to split into a much larger number of 
thinner clay micells. The negative charges hold the clay sheets in 
suspension by electric repulsion and the kinetic molecular agitation keeps 
the platelets in perpetual Brownian movement. 

The rivers of the earth thus carry the colloidal parts of the top soils 
and clays more readily if they are slightly alkaline and free of calcium 
and magnesium salts. At the point where the rivers enter the sea, the 
excess salt together with the plentiful supply of calcium and magnesium 
ions in sea water renders the colloidal clays unstable. The more tenacious 
absorption of the calcium and magnesium ions causes a reduction in 
negative charge and consequent enlargement of particles followed by 
precipitation. This process is one of the major causes of the great deltas 
of the earth. 

The marine shales were once surface soils and clays. ‘They under- 
went the deflocculation, transportation and sea-water reactions described 
above, and were buried below a heavy overburden of sediments. It is 
not surprising that many of them cause drilling difficulties. When 
exposed to fresh water again, particularly at high pH+ values and 
reduced pressures, they proceed to deflocculate, swell and contribute 
some of their exchangeable calcium and magnesium to the drilling clays. 
Aggravated cases are called heaving shales, but even the milder forms 
cause excessive expense if it is necessary to maintain high density in the 
drilling fluid in their penetration. Water must be added to dilute the 
colloids, and additional weighting material to maintain the density. 


Cohesion and Gelling 


The plastic flow of clay suspensions is well known, and the “thixo- 
tropic” state has been recognized recently.14 The data’ presented 
graphically in Fig. 2 will serve to throw more light on the nature of this 
phenomenon, which is essentially a surface problem. 

California bentonite has been prepared in concentrations ranging from 
4.5 to 6.5 per cent. The suspensions were allowed to age for several 
weeks and measurements were then made of the rate at which they gelled 
from the completely degelled condition. 
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The instrument used was a torsion wire gelometer, consisting of a 
brass cylinder of known dimensions suspended from a steel wire and 
provided with means of rotating the wire at the top through any angle. 
The cylinder was immersed in the bentonite suspension after it had been 
completely degelled by a motor-driven agitator. The bentonite was 
allowed a certain time to gel, after which the wire was rotated cautiously 
through a gradually increasing angle. A light pointer on the cylinder 
and one on the upper end of the wire made ‘it possible to observe the 
force, which was just sufficient to shear the cylinder in the bentonite gel. 


Get STRENGTH 


Ose IS SO. AS (GOS 75.) 90S 10S 120. 155 
Fic. 2.—GEL STRENGTH IN RELATION TO TIME AND RATE OF REACTION. 


Calibration of the wire and the cylinder made it possible to calculate the 
gel strength in absolute units; namely, dynes per square centimeter. . 
The gels formed more rapidly at first, the strength gradually approach- 
ing a constant value as time elapsed. Both the speed and the final 
strength increased with the bentonite percentages. The gelling was 
found to be following the relatively simple reaction equation: 
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where S is the gel strength at time t, S’ is the gel strength that is 
approached af very long times and k the rate constant. This equation 
indicates that the values of ¢/S should be directly proportional to time. 

Fig. 3 presents the data plotted in another way. The slopes of the 
lines in Fig. 3 are the values of 1/S’ and the intercepts are the values of 
1/kS’. In this way it was possible to evaluate the final gel strengths in 
each case, and the values of k the rate constants. 


fe) 
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Fic. 3.—GEL STRENGTH AND RATE CONSTANTS. 


The California bentonite had a natural pH+ value 9.2, and lines 1, 2 
and 3 in Figs. 2 and 3 present the data of the 4.5, 5.5 and 6.5 percentages 
of the bentonite at this natural pH+ value. Measurements were made 
of similar suspensions at higher alkalinity by the same method. Table i 
shows the results of the determinations. It is evident that the ultimate 
strengths of the bentonite gels increase with each suspension as the pH+ 
values increase. ‘The changes in the rate constants are not so regular, 
but there is a general tendency for the speed of gelling to fall off up to 
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about pH-+ 10. and rise thereafter. This is direct evidence that the 
planar water is more effectively separating the colloidal sheets at pH+ 
values above 9. 

This behavior of bentonite is significant because it is characteristic 
of all the colloidal minerals of clays and shales. It is the cause of the 
plastic character of clay and shale suspensions. During any measure- 
ment of viscosity, the gel is continually forming and being broken by the 
fluid motion. Consequently, the viscosity is higher at low rates of shear 
because the gel strength is permitted to rise, and lower at high rates of 
shear because the gel is kept more completely broken. It is one of the 
major factors in ‘‘gas-cutting”’ of drilling fluids, for a weak gel that 
forms rapidly prevents the rise and escape of the suspended gas. The 
effect on the settling of sand and suspended cuttings is obvious. 


TABLE 1.—Constants in Gelling Equations of Bentonite Suspensions 


‘ Gel Strength 
Tomb eas t8e and Rate 


Constant 


One of the very common treating agents used to reduce the ‘‘ viscosity ”’ 
of drilling fluids is sodium tannate. The lines numbered 4 on Figs. 2 and 3 
were obtained after the addition of about 0.1 per cent of sodium tannate 
to the suspension containing 5.5 per cent of bentonite. The S’ constant 
for these lines is 104, the rate constant is 0.0089, and the pH+ about 
9.2 units. It is clear that the effect of the treatment is predominantly 
on the rate of gelling. The viscosity measured by any of the usual 
methods appears to be reduced, because the formation of the gel is 
retarded in speed but not in ultimate strength. 

The same effect may be obtained to a lesser degree by more complete 
conversion of the clay minerals into the sodium salt. A sample of 
California bentonite was electrodialyzed to a pH+ of about 2.8, and 
then brought back to a pH+ of 9.9 with pure sodium hydroxide. The 
concentration was adjusted to 5.5 per cent and the gelling equation 
determined. Curves 5 on Figs. 2 and 3 show the results. The S’ value 
was 99.7 and the gel rate constant k was 0.033; whereas the same con- 
dition prior to the removal of the exchangeable calcium and magnesium 
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had S’ = 129.9 and k = 0.130. The same electrodialyzed sample gave 
S’ = 118 and k = 0.067 at 10.7 pH+. It is clear that the removal of 
the weakly ionized calcium and magnesium from the exchangeable 
positions and the replacement by sodium has greatly reduced the 
gelling rate. 


Interpretation of Gelling Data 


The relationship between gel strength and time may be explained 
by a relatively simple mechanism. Smoluchowski” proposed a mathe- 
matical solution of the problem of the formation of colloidal aggregates 
from a colloidal dispersion. His formulation may be written: 


[- no 
Gel pereg 


where N represents the summation of all the aggregates after time t, 
starting with mo particles separately suspended at time zero. He shows 
how the constant k may be calculated. 

One may assume that the bentonite suspension consists of mo particles 
shaken completely free of one another, and that they gel by becoming 
attached at a rate determined by Smoluchowski’s equation. The gel is 
completely formed when there is but one aggregate to which all the 
particles are attached. The gel strength would thus be larger, the greater 
the number of the original particles. We may thus assume: 


and substitution and simplication of this equation will yield the above 
gelling equation. 

The effects of additions of sodium hydroxide to increase pH+ on the 
values of both S’ and the gelling rate k become apparent. The sodium 
clay is more highly ionized and consists of many more and smaller 
particles than the acid clays, or the calcium, or magnesium clays. The 
gelling rate k, however, may first fall off and then rise again, for although 
there are more particles to gel, they will have some critical value of the 
pH+ at which the maximum electric charge and thick layers of water 
will retard the attachments. 

‘Although there are differences of opinion concerning the nature of 
the forces that cause the particles to adhere,!*> it is clear from X-ray 
and chemical evidence that they are not the same at the broken bonds 
as the planar bonds, and also that the planar bonds may differ in polarity. 
Furthermore, among clays, shales and even the more uniform bentonites 
there are differences among the individual crystal sheets. This is the 
cause of wide differences in particle sizes and thicknesses. It may occur 
simply by having different polarity on different individual sheets of a 
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particle, caused by isomorphism. A particle made by stacking extremely 
polar sheets may deflocculate spontaneously in water, while particles 
made in the same way with less polar sheets require the addition of 
sodium hydroxide to split the planar bonds. 

It is also clear that the splitting of the planar bonds may be assisted 
by shearing the suspension. Particles in which the individual crystal 
sheets are not polar enough to separate by the chemical action of water 
alone may do so if the suspension is stirred rapidly. This is somewhat 
like grinding, except that the sheets are separated at the planar bonds, 
and it is not necessarily associated with formation of more broken bonds. 
Some Texas semibentonites have this property to a marked degree. 

When individual sheets in a suspension are brought together at the 
broken bonds, strong forces of attachment are available. The chance 
and thus the speed of such attachments increase with increasing tem- 
perature and with increasing number of particles, and decrease with 
increasing electric charges on the sheets. Sodium tannate and other 
chemical agents may retard the gelling rate either by increasing the 
electric charges as a result of adsorption of negative micelles, or by 
temporarily blocking the broken bonds. ‘There is some evidence that 
the well-known action of the metaphosphate group is caused by a more 
irreversible blocking of the broken bonds and consequent reduction of 
the final gel strength as well as the gelling rate. 

It is thus possible to impose such chemical conditions on suspensions 
of clay minerals that the splitting of the particles into thin sheets at the 
planar bonds may be either accelerated or retarded, and the gelling at 
the broken bonds strengthened or weakened. It is possible to impose 
these changes separately or simultaneously. 


APPLICATIONS TO DRILLING PROBLEMS 


The importance of a thorough understanding of the surface chemistry 
of clays and shales is obvious to one familiar with drilling problems. 
It is necessary to have the colloidal clays present in drilling fluids in the 
proper amount and thixotropic condition. If the colloidal minerals are 
deficient, it may not be necessary to add them directly. It is frequently 
possible to adjust the chemical conditions until the flocculated minerals 
of the formations being drilled undergo deflocculation and thereby yield 
the proper amount of colloidal matter. Where this is possible, it is much 
more economical than the purchase of special colloidal clays. 

But one of the most expensive and bewildering problems has already 
been mentioned; it is the opposite of the above. Some marine shales 
or clays encountered in drilling deflocculate so readily in the water of 
the drilling fluid that they accumulate rapidly. The viscosity, gel 
strength and gelling rate rise to intolerable values, beyond which the 
only recourse is to add water and replace the weighting materials. An 
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intelligent solution of the problem and reduction of the costs and diffi- 
culties in drilling lies only in a complete understanding of the surface 
chemistry of the shales involved. It has been definitely proved that it is 
costly to adopt the policy of letting the chemical conditions of the drilling 
fluids drift as they will until the difficulties have become acute, and then 
to treat the fluid only as the demands of the moment dictate. 

This lack of planned control has frequently resulted in improvements 
for the time being, but at the expense of greatly aggravated conditions 
at the end of a few days. For example, the usual shale suspension will 
respond to the addition of sodium hydroxide and tannin by gelling at a 
lower rate and consequently degassing and settling sand more readily. 
The optimum pH-+ for this degelling action would appear to be as high 
as 10, where gelling rate is low. But in this case the chemical degelling 
agents may act adversely on the shale cuttings and deflocculate them. 
Referring to the gelling equation, the gelling-rate constant k will be 
reduced, but the value of m is increased. Under the influence of time 
and shearing forces, the value of m» may continue to rise rapidly. In 
effect, the ‘‘mud-making”’ tendency of the shale is aggravated. It is 
frequently found that pH-+ in excess of 9 will cause a marked difference 
in the rate of accumulation of colloidal shales during drilling. 

Some shales disintegrate and deflocculate with extreme rapidity in 
water even at relatively low pH+ values. They are frequently encoun- 
tered in the Vicksburg and Jackson groups of the lower Oligocene and 
upper Eocene ages. They are characterized by weak planar binding, 
easy hydration and deflocculation, and their action may be modified by 
absorbed hydrocarbons and mechanical strains. It is necessary to resort 
to unusual methods to prevent their deflocculation, but the evidence is 
clear that they differ from other shales only in degree, not in fundamental 
chemical nature. 

Whatever the nature of the formations being drilled, a knowledge of 
the colloid chemistry of the clays and shales involved will make it 
possible to adopt an intelligent and consistent policy of prevention rather 
than cure. Such a policy will consider the entire drilling program, and 
will make investments in chemical control that pay dividends in reduced 
maintenance costs, lessened delays and fewer difficulties. 
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Influence of Oil Flow on Water Content 


By Nico van WINGEN* 
(San Antonio Meeting, October, 1938) 


ABSTRACT T 


EXPERIMENTS performed with distilled water, unconsolidated sand 
and dead oil for the purpose of determining the influence of oil flow on 
the water content of sands were described. While results found are 
not necessarily, therefore, identical with those that would be obtained 
under natural petroleum reservoir conditions, the following conclusions 
were drawn. 

1. When oil under constant head is flowed through an unconsolidated 

_sand, the amount of water retained in the core is inversely proportional 
to the specific permeability of the core. This corroborates the view 
that the degree to which oil displaces water out of the pore space is 
limited by the size of the pores. 

2. For the range investigated, the displacing action of a more viscous 
oil of higher specific gravity was found to be the same as a less viscous 
oil, or lower specific gravity. 

3. The amount of interstitial water retained in the sand bears an 
inverse relationship to the pressure head of the displacing liquid. 

4. The degree of retained water saturation of the sand appears to 
approach 100 per cent as the specific permeability approaches zero. 

5. For the higher values of specific permeability and for the pressure 
range investigated the remaining amount of water in the sand occupies 
approximately 10 per cent of the pore space. This, together with the 
fact that the limiting oil velocity curve approaches approximately 10 per 
cent water saturation as an asymptote, indicates that beyond this point 
removal of water is achieved only by a stripping of the grains requiring 
considerable pressure drops across the sands; or by a balancing of the 
molecular forces. 

6. As the water saturation of the sand exceeds approximately 15 per 
cent of the pore volume, the permeability of the sand to oil decreases 
rapidly. 

7. Sands with water saturations as high as 40 per cent were found to 
produce 100 per cent oil. 

* University of California. 
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Chapter III. Petroleum Economics 


A Design for More Effective Proration 


By Josnru E. Pocur,* Memspeir A.I.M.E. 
(New York Meeting, February, 1939) 


Over a period of years the writer has presented a number of studies! on 
various aspects of proration, in a progressive attempt to analyze critically 
and constructively the economic complexities of this interesting institu- 
tion, which in a decade has revolutionized the economics of oil production 
in the United States. In the course of the investigations leading to 
these papers, the changing nature of proration and the principles under- 
lying its evolution have gradually become clear, so that it is now possible 
to depart from the analytical method and to construct a synthesis of the 
steps that, if furthered by the industry, should carry proration past the 
economic hazards that still surround it to the goal of maximizing 
the value of the petroleum resource to the industry and the public alike. 


NATURE OF PRORATION 

Proration literally means the allocation of demand among competing 
producers on a pro rata basis, but the term now carries a much broader 
significance for it is employed to describe the entire process by which 
the production of crude oil in the United States is regulated. There is 
naturally much confusion of thought on the subject, for proration is an 
evolving system of control based upon principles of conservation and 
equity and embracing a body of practices that are tending to adjust 
themselves to the needs of the situation but are subjected to varying and 
divergent influences in the process. As it is now constituted, proration 
is a planned production measure designed to prevent waste, insure ratable 
takings, and balance supply and demand. The procedure is administered 
by State regulatory bodies through use of the police power of the States 
under authority of State conservation laws; the practice is supported by 
a considerable degree of voluntary conformance on the part of operators; 
and the Federal Government has accorded its cooperation by providing 
advisory quotas, circumscribing imports, checking movements of hot 


Manuscript received at the office of the Institute Nov. 30, 1938. Issued as T.P. 
1028 in Perroteum Trcuno.oey, February, 1939. 
* Vice President, The Chase National Bank of the City of New York. 
1 References are at the end of the paper. 
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oil in interstate commerce, and ratifying an Interstate Oil Compact. 
In the course of the past 12 years, this regulatory system has become an 
institution with a framework of laws, court decisions, administrative 
bodies, committees, trade practices, and traditions. 

In a limited form, proration made its appearance at various times 
in the past where flush production outran the absorptive powers of the 
market, but was abandoned in each case as soon as supply subsided so 
that equilibrium could be resumed without its aid. Within the past 
12 years, however, the improved technical ability to find oil fields coupled 
with a slackening in the growth-rate of demand, has built up a productive 
capacity so far in excess of market requirements that proration, invoked 
aS an emergency measure, has become a permanent establishment. 
There are two reasons why the conjuncture of advancing technology and 
maturing demand led to the institutionalization of proration: The rule 
of capture created an urge to produce that could not be readily restrained 
by the regulatory effect of price; and the tremendous difference in out-of- 
pocket costs between flush production and settled production transmuted 
this impulse into violent price changes of disturbing influence upon the 
economy. In consequence, once launched in the new technologic setting, 
proration appeared indispensable as an operating form and in turn gener- 
ated the need for its spread and implementation. In short, the rule 
of capture became unworkable under modern technologic conditions, 
and proration developed as an offsetting and neutralizing influence. 

Although initiated to correct conditions of overproduction, proration 
has its justification as a fundamental conservation measure, and its 
development centers around that theme. The practice of proration has 
clearly demonstrated that restricted flow of oil wells conserves the reser- 
voir energy, and results in higher recoveries and lower over-the-life 
costs than experienced if wells are produced under conditions of open flow. 
The advantages of delayed production are now well understood, but these 
gains are not attainable under the competitive operation of leases in 
subdivided oil pools. Only by an actual pooling of leases in the single 
reservoir—unit operation—or by the imposition of rules of production 
that comes to the same effect—proration—can the oil pool be handled 
according to the dictates of advanced engineering practices. Conse- 
quently, a curtailment of flush production promotes recovery and 
operating efficiency while leading to improved economic balance. 


CONSERVATION 


The ideal way to produce an oil field is to restrict the flow to a rate 
that results in the most effective utilization of the reservoir energy. 
In this manner the greatest practicable recovery of the oil is achieved 
and resort to pumping is deferred until near-exhaustion of the deposit. 
The form of the reservoir energy is complex, varying from pool to pool, 
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but in general it is represented by the driving power of edge and bottom 
water under hydrostatic pressure and by the compressed gas associated 
with the oil. The energy inherent.in the gas manifests itself as a propel- 
ling force upon the release of pressure, and the dissolved gas renders the 
oil more fluid and reduces its tendency to stick to the sand grains. 
Fortunately the full effects of water drive and gas can be utilized by 
adjusting the flow to the most efficient, or optimum, rate, which is 
subject to more or less exact determination if sufficient engineering effort 
is devoted to the matter. 

In the subdivided pool, which is the prevalent type, an additional 
procedure is necessary; namely, rates of withdrawal from the several 
properties in proportion to the available oil underlying each. This 
qualification is essential on two counts: first, to maintain the reservoir 
energy in continuing equilibrium in order to support optimum recovery; 
and second, to preserve equity as between the competing property owners. 
If the reservoir energy is not held in equilibrium but important differen- 
tials are permitted to develop in the reservoir as a result of unbalanced 
withdrawals, optimum recovery is unattainable and each operator must 
resort to the rule of capture to preserve his equity. 

Conservation of oil, accordingly, can be attained by any system of 
operations that restrains the flow of the oil pool to the most efficient rate 
and enforces ratable takings among the competing operators in the pool. 
The determination of the optimum rate and of the ratable-takings 
formula is primarily an engineering problem. The objective is to deal 
with the reservoir energy, rather than the oil itself, but there are two 
schools of thought as to the best utilization of the reservoir pressure: 
the one regards it as a force to be spent, so much for each unit of produc- 
tion; the other, as a force to be conserved until virtual exhaustion of 
the oil. Upon further engineering research, the latter point of view will 
probably be found to be preferable, at least in all fields where a water 
drive can be utilized, for substantial pressure drops tend to induce a 
nonuniform encroachment of the water and, in gas-saturated pools, 
permit gas to come out of solution to the detriment of ultimate oil 
recovery. 

Conservation as here defined was not attainable during the period of 
rapid growth in the industry, for then open-flow operations, even under 
the stimulus of the rule of capture, were required to meet the mounting 
demand. Curtailed flow, the essence of conservation, became possible 
only after a large potential supply of oil had been made available. 
Hence it was inevitable that an excess of capacity must develop before 
demand could be filled by production throttled down to an efficient rate. 
Thus in the evolution of the industry, the transition from open flow to 
conservation practices had to be in a setting of overproduction, or at 
least, potential overproduction, and proration developed as the instru- 
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mentality by which the physical basis for adequate conservation prac- 
tices could be arrived at. 


FUNCTIONS OF PRORATION 


Proration has now evolved to the point where it clearly rests upon two 
thoroughly established principles—conservation and equity; and involves 
three procedures—curtailment of flow, ratable takings, and an adjustment 
of restricted flow to balance the measured requirements of the market. 
The system is administered by means of a quota system by which it is 
sought to bring into accord the requirements of waste prevention and 
market demand, without violation of the dictates of equity. In theory no 
pool is permitted to produce more than its market demand, it being recog- 
nized that output in excess of market demand leads to storage, physical 
waste, and economic instability; whereas restriction to market demand or 
to the most efficient rate, whichever is lower, results in effective conserva- 
tion and economic advantage. It is difficult to differentiate accurately 
between the stabilizing effects derived from curtailment to efficient rates 
and those superimposed by the functioning of market-demand quotas, 
because any degree of restriction upon output necessitates operations 
under some measure of back pressure. The casual view that proration 
in essence is purely a stabilization measure is in error, for a substantial 
degree of the stabilization observable in practice is the automatic 
resultant of restricted flow and ratable takings instituted on the basis of 
conservation. It is impossible, for example, to operate an oil pool under 
back pressure without leveling-out the production curve and thereby 
flattening the cost curve; in consequence, a smoothing effect is trans- 
mitted to price. Under the practice of proration, therefore, entirely 
aside from the application of market-demand quotas, a significant by- 
product of economic stability is inevitable. . 

In the operation of any economic system, of course, supply and 
demand must balance. Accordingly, if oil pools are to be restricted in 
the interest of conservation, the aggregate curtailment must conform 
to the dictates of demand, if consuming power is not to be regulated. 
Accordingly, the employment of market-demand quotas is a practical 
expedient to make the system workable, for existing demand does not 
coincide in all its ramifications with the various elements of supply at 
their respective optimum rates and hence an additional element of 
equilibration is necessary. Nevertheless the need for this additional 
element is probably not as great as generally believed, for judging from 
preliminary studies, the difference between the aggregate optimum 
production rate of our oil fields and market demand is not substantial; 
consequently proration can be directed so as to approach a plane of 
natural equilibrium between demand and a supply restricted according to 
engineering principles. At this stage, dependence upon market-demand 
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quotas will be greatly lessened, if not entirely removed. This conclusion 
deserves the greatest emphasis, for the tendency in the industry is to 
overlook the advanced degree of evolution and hence to miss the point of 
greatest significance in the economics of the petroleum industry. 


Two AVENUES OF CHANGE 

Although proration appears to have its logical goal almost within its 
grasp, it is not assured that this instrumentality will be permitted to 
follow its natural courses to such an outcome. If the potentialities of 
proration were clearly envisaged by all concerned, this danger would not 
exist; but there are many who look upon proration solely as a stabiliza- 
tion device that is faulty because it fails to deliver all that is hoped of it 
on this score and hence desire to implement it with additional controls 
designed to achieve these ends. Such a course of development, in pursuit 
of transient and illusive gains, will lead to a condition of progressive 
economic regimentation that will destroy the vigor and flexibility of the 
industry, to the detriment of its profitability as an industrial enter- 
prise and its serviceability to the public. On the other hand, the steps 
needed for the successful passage of proration into a perfected conserva- 
tion measure, carrying with it a high degree of derived economic stabiliza- 
tion at the expense of minimum interference with competitive processes, 
are not complicated nor beyond reasonably early attainment. 


SUGGESTED STEPS 

The technique of proration is adequate for the purpose, all the neces- 
sary principles have become established, and a successful outcome waits 
merely upon a broader cooperation among the oil-producing states and 
concerted efforts on the part of the regulatory bodies, the Interstate Oil 
Compact Commission, and the oil operators. Five points are herewith 
offered for consideration: 

1. The development of the optimum rate concept as a yardstick for 
restricting the individual oil pool. 

2. The standardization of the application of bottom-hole pressure 
readings for the effectuation of ratable takings. 

3. The harmonizing of drilling incentives with the requirements of 
delayed production. 

4. The employment of market-demand quotas to reconcile the interim 
differences between optimum rates and market requirements. 

5. The preservation of flexible markets to proportionate capital flow 
to economic requirements and prevent the development of intra-industry 
pressures, 


OPTIMUM-RATE CONCEPT 


In its more advanced areas of application, proration has established 
the optimum-rate concept as a working principle, although the sig- 
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nificance of this accomplishment has not been fully appreciated. Experi- 
ence has clearly demonstrated that the best results are obtained if the 
output of each pool is adjusted to its most efficient rate, and engineering 
technique is rapidly developing whereby this criterion can be broadly 
and effectively utilized. All that is needed to carry this measure to a 
position of perfected application is the clear perception that this principle 
is the essence of conservation and constitutes the soundest base against 
which to equate demand. The regulatory bodies of the several states 
could advantageously study this matter intensively and formulate their 
policies more methodically in terms of it; for the system of proration is 
already logically committed to the principle and its application is well 
under way. It may be suggested, specifically, that the Interstate Oil 
Compact Commission appoint an Advisory Committee of Engineers to 
conduct a comprehensive field investigation of rates of production in 
terms of recovery efficiencies with the view of designing procedures and 
recommending standards of practice for the signatory states. 


RATABLE TAKINGS 


The principle of ratable takings is well established in proration 
practices, but its application is not fully standardized or adequately 
implemented. The principle is essential to the operation of proration 
and should be inviolate. The art of bottom-hole pressure readings pro- 
vides the technique for achieving a high degree of accurate control in the 
enforcement of the principle. Investigation and emphasis on the part 
of the regulatory bodies and the Interstate Oil Compact Commission 
would go far toward standardizing procedures and insuring systematic 
and effective application. The purchasers of crude, likewise, should 
invariably conform to this principle whenever resort must be had to pipe 
line proration, a practice only necessary, however, when market-demand 
quotas are faultily determined. In its administrative aspects, ratable 
takings involves the establishment of lease allocation keyed to pool 
quotas designed to achieve the best attainable balance between optimum 
rates and market demand. 


Drituinc Rates 


Proration has brought about a system of delayed production divorced 
from the exigencies of the rule of capture, but drilling practices, while 
slowly adjusting themselves to the basic change in production rates, are 
still lagging in their conformance. It is believed that the disadvantages 
arising on this score are not fully appreciated, although the resulting 
disequilibrium may be diagnosed as the cause of much of the economic 
distress from which various groups in the industry are suffering. The 
- fact is that drilling programs suitable to open-flow operations are obsolete 
- under delayed production; but their unfitness, representing,a natural lag 
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in a changing setting, is subject only to slow correction until accelerated 
by adequately enlightened attitudes. 

The administrators of proration still tend to make the well the 
ultimate unit of proration, thus placing a premium on the drilling of 
unnecessary wells; whereas the proper unit is the available oil in the 
individual property. A change to this basis, effectuated by formulas for 
lease allocations involving acreage and by scientifically determined 
schedules for well spacing, would go far toward the correction of the 
existing trend toward overcapitalization of producing facilities. Effective 
proration requires the ability to expand the reserve without encouraging 
its premature development by wells in excess of market requirements. 
A shift in drilling incentives offers the means for harmonizing invest- 
ments with delayed returns. High-cost producers dissatisfied with 
existing prices for crude oil would be well advised to take the lead in 
emphasizing the desirability of preventing the rule of capture from leading 
to an overinvestment in the producing department, for they are the first 
to suffer under such circumstances. 


MARKET-DEMAND QUOTAS 


Market-demand quotas represent the most intricate phase of pro- 
ration, for they involve problems of conflicting group and areal interests 
and introduce dangers of regimentation. The system of proration, 
accordingly, would do well to work toward a lessening of their incidence 
rather than in the direction of a growing dependence upon them. The 
restriction of production to market demand should properly be regarded 
as an interim expedient to reconcile existing differences between the most 
efficient production rates of oil pools and the essential requirements of 
the market. These differences are believed to be smaller than generally 
appreciated; hence progress can be rapid toward the effectuation of a 
system of proration based predominantly upon optimum production rates 
instead of market demand. Market-demand quotas, however, will con- 
tinue to be helpful as an operating procedure, but their utility will 
diminish as engineering quotas founded upon optimum rate principles 
become more pervasively established and trade channels adjust them- 
selves more completely to these measurements. 

In the meantime, the market-demand quota system sequires careful 
administration to avoid inequities and preserve essential flexibility in the 
commodity flow. Quotas should be constructed by determining the 
demand in each pool, limited in each case to not more than the most 
efficient production rate; but nominations to purchase are not satisfactory 
evidences of demand, and careful measurements are necessary to reflect 
valid changes in market requirements. The regulatory, bodies can 
exercise accounting supervision over the gathering systems of each pool 


and not only.audit the runs but also obtain an interim check upon con- — 
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formance to the principle of ratable takings. Once this is done and each 
pool is restricted to the level of buyers’ real requirements, the problem of 
overproduction is reduced to the question as to whether the aggregate 
buyers’ demand is a fair reflection of the needs of the ultimate consumer. 
The regulatory bodies, however, with local demand accurately measured 
for each pool, can compare their respective totals with the advisory 
quotas of the U. S. Bureau of Mines, adjusting if necessary their field 
quotas by a proportional rate in order to harmonize the totals with the 
requirements of equilibrium in the whole market. The advisory quotas 
should be based not merely upon past takings of oil but should also give 
reflection to the factors that determine the demands of the ultimate 
consumer in order that the quotas shall represent the best attainable 
approximations of balanced requirements. 


FREE AND FLEXIBLE MARKETS 

Probably no single factor has harmed our economy more than the 
failure to appreciate and understand the functional aspect of prices. A 
price is both a cause and an effect, and it is impossible to maintain a 
given price without that price exerting an influence upon the flow of 
capital—attracting capital if the price is high, repelling capital if it is low. 
Because of the circumstances surrounding the establishment of proration 
and the nature of the incentives promoting its development, it has come 
to be widely believed that price is the criterion by which the success of 
proration may be judged; indeed there was a keen sense of disappoint- 
- ment and frustration on the part of oil operators when the price of crude 
oil declined in October of 1938, after five years of steady to rising prices. 
Yet nothing could be further from the truth than the view that proration 
fails if it does not produce a continued uptrend in price. If the price 
gets too high, excessive amounts of capital are drawn into development 
and the price declines; and contrariwise, the reverse reaction is induced 
if price falls too low. Proration, however, can legitimately be expected 
to provide a smoother and more stable price structure than would be 
~ attainable under open-flow operations; but the freedom of price to move 
up and down and therefore to influence the elements of supply, should 
be conserved at all hazards.* As a matter of fact, the petroleum price 


* “Market prices, worked out competitively, are the guides to the economic 
activities of men. They tell us what to do and what not do. . . . As an economist 
sees prices, their function is to tell the truth regarding what is going on in the fields 
of production and consumption, and to correct maladjustments and bring about a 
re-equilibration of the various productive activities when they get out of balance. 
If prices move promptly and adequately, moderate price changes will usually correct a 
maladjustment before it goes very far... . Right prices . . . are prices that move 
goods. . . . High or low prices . . . are riot good or bad in themselves, but sg! are 
good or bad depending upon whether they reflect the facts in the situation.” B. M. 
Anderson, Jr., Governmental Economic Planning and Prices, The Chase Economic 
Bulletin (1936) 16, No. 1, 6, 7, 14, 15. 
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structure has displayed considerable elasticity during the period of pro- 
ration, but at times there has been a delayed transmission of flexibility 
resulting in the development of internal maladjustments; an improve- 
ment in functioning would undoubtedly result if tendencies toward 
localized rigidities were avoided. The promotion of a free and flexible 
market does not necessarily mean a low or nonremunerative price; on the 
contrary, there is much to suggest that a sensitive market may be 
expected to provide a more satisfactory price level in the presence of an 
effective administration of proration along the lines of optimum rate 
production than will be possible under any phase of controls designed for 
purely economic objectives. 


CoNCLUDING REMARKS 


Considering the physical, economic, and legal complications sur- 
rounding the field of oil production, it is a substantial achievement on 
the part of the petroleum industry to have so quickly and, relatively 
speaking, so successfully altered the structure of production to bring it 
into conformance with the technologic era. The new system is far from 
perfected, but the striking feature is the progress made and the vigor 
displayed in furthering the evolution. The suggestions advanced in this 
study are not novel, for the five points are well under way to accomplish- 
ment, needing merely a more concerted attitude to coordinate efforts, 
avoid dissipation of energy in by-paths, and prevent deflection of the 
natural direction of movement. Proration is not assured of a favorable 
outcome, for there is pressure to convert it into a pervasive economic 
control, but time and administrative skill can bring to sound fruition one 
of the most significant experiments in the economic field today. 
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DISCUSSION 


E. Outver,* Ponca City, Okla. (written discussion).—Dr. Pogue has rendered 
valuable service both to the oil industry and to the national welfare by ‘constructing 
a synthesis of the steps that, if furthered by the industry, should carry proration past 
the economic hazards that still surround it.’’ In doing that he has set out in bold 
relief the outline and objectives of that unique institution by which the production of 
crude oil and natural gas in the United States is regulated, and thus enables a more 
ready determination of whether it is a Frankenstein or a benign institution that the oil 
industry and agencies of government are building under the general term of proration. 

There surely can be no division of opinion among thoughtful men that the processes 
of producing any limited great natural resource, confined under such physical con- 
ditions as are oil and natural gas, must be regulated in the public interest. It is then 
the manner and method by which proration is regulated that determine whether it will 
be destructive or constructive in its influence. The means determine the end. 

In this paper Dr. Pogue stated certain facts that are so vital that they should be 
regarded as basic principles in any program designed to stabilize the oil industry. 
Their importance justifies direct quotation in order to avoid misinterpretation. 
They are: 

“‘The rule of capture created an urge to produce that could not be readily restrained 
by the regulatory effect of price. . . . In short, the rule of capture became unwork- 
able under modern technological conditions and proration developed as an offsetting 
and neutralizing influence. . . . Only by an actual pooling of leases in the single 
reservoir—unit operation—or by the imposition of rules of production that come to 
the same effect—proration—can the oil pool be handled according to the dictates of 
advanced engineering practices.’”’ Dr. Pogue also emphasized the importance of 
securing the most effective utilization of reservoir energy as well as of making recovera- 
ble oil and gas in the individual property the unit of proration. 

My interpretation of his paper is that he frankly faces the facts that the rule of 
capture has become unworkable; that unit operation (or some effective equivalent) 
to neutralize the capture rule is necessary to enable the handling of an oil pool accord- 
ing to the dictates of advanced engineering practices; and that the available oil and 
gas in the individual property must be the legal standard of participation. 

I am in thorough agreement with the simple principles enunciated by Dr. Pogue as 
interpreted in the immediately foregoing paragraph, but I greatly fear the steps by 
which they can be made effective are not as simple as his extremely thought-provoking, 
constructive paper implies. Evidently he abandons hope of any widespread adoption 
of unit operation and therefore concludes that rules of production that come to the 
same effect must be developed as a substitute for unit operation. 

In these two conclusions he is abundantly supported by cumulative experience in 
the years intervening since unit operation was first advocated, but I have a very strong 
conviction that any expectation that proration in its present form can be developed 
into the equivalent of unit operation is a forlorn hope indeed. Some other means 
must be found to accomplish that end. 

Proration of the market between pools and even between states is necessary as a 
permanent function of government to maintain economic stability and prevent waste 
through premature abandonment of high-cost producing properties during periods of 
prolific new discoveries. But any use of proration in the manner now exercised 
between properties draining from the same reservoir (except as an emergency measure 
until some better regulatory method can be devised) must inevitably bring down upon 
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the oil industry, consuming public, and government itself evils out of all proportion 
to the benefits derived. These results may be summarized as follows: 

1. Proration in its present form has to its credit that it has maintained a living 
price for oil;’this in itself is a worth-while accomplishment, but its mechanics are 
such that: 

2. It is perpetuating the high-cost production methods that have characterized 
the oil fields of the United States from the beginning of the industry and tends to 
hinder widespread application of the improved technology now available. 

3. Proration built on the capture rule tends in turn to stimulate and then eliminate 
the independent refiners and marketers of oil, induces “hot oil” running with all its 
attendant evils, creates situations resulting in ‘Madison trials,’’ and in general pro- 
motes inequalities, inequities, and dissension within the industry; 

4. It is gradually but inevitably leading the oil industry into complete government 
management through government’s unsuccessful attempts to correct the evils arising 
out of results 2 and 8 listed above, and thus is placing upon government functions that 
are inconsistent with its real purpose and that can be exercised more effectively by 
the industry itself provided sound proration methods are installed. As one govern- 
ment remedy after another fails in its purpose because proration is built on legal 
principles that conflict with physical laws, more and more regulatory legislation is 
demanded in the vain hope that finally the evils can be corrected by govern- 
ment control. : 

As Dr. Pogue points out, collective action among owners in a common pool is 
essential to conservation and stabilization of the oil industry. ‘Two methods to attain 
that have been unsuccessfully attempted: (1) general adoption of unit operation; (2) 
proration. The first is unattainable, the second has resultant evils that make it 
impractical. A third typically American method of bringing about collective action 
among people with a common interest, which has never yet been applied to oil pools, 
was suggested to me by no less important authorities than the Hon. Homer Hoch, 
former chairman of the Kansas Corporation Commission and now Justice of the 
Kansas Supreme Court, and his former colleague on the Commission, the Hon. 
Ernest E. Blincoe. It is known as corporate power. James Bryce in ‘‘The American 
Commonwealth,” said of this method of bringing about collective action: 

“The word Democracy has been used ever since the time of Herodotus to denote 
that form of government in which the ruling power is legally vested, not in any particu- 
lar class or classes, but in the community as a whole. This means, in communities 
which act by voting, that rule belongs to the majority, as no other method has been 
found for determining peaceably and legally what is to be deemed the will of the com- 
munity which is not unanimous.” 

8. E. Forman, in ‘‘A Good Word for Democracy,” said: 

‘Majority rule is resorted to because it is a practical way of getting things done. 
It is resorted to in a democracy not in order that ‘right reason and the will of God’ may 
prevail but in order that Government may go ahead with its business. . . . The 
minority acquiesces not because it is convinced that it is wrong, but because it has 
discovered that it isin fact a minority. With its numerical inferiority ascertained and 
staring it in the face it decides that acquiescence is the way of prudence and peace. 

““No sensible man ever said the will of the majority makes a thing right. ‘All will 
bear in mind,’ says Jefferson, ‘that though the will of the majority is in all cases to 
prevail, that will to be rightful must be reasonable; that the minority possesses their 
equal rights which equal laws must protect, and to violate which would be oppression.’ 

“So the minority has the right to expect that the rule of the majority will be the 
rule of wisdom, moderation, and justice. Democracy postulates that men at heart 
have a decent respect for the rights of others.” 
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This device, or some modification of it, is used already in every other phase of 
American life in which collective action by many individuals is required. Familiar 
examples are: drainage districts, irrigation districts, school districts, villages, cities, 
towns, townships, counties, states, business corporations, churches, lodges, labor 
organizations. In fact, it is the typical American way of getting things done by 
large groups. 

It is more flexible and a better type of collective action than is unit operation, for 
many reasons, among which are that it would permit each separate reservoir to have 
applied to it the exact degree and character of collective action best suited to the 
conditions of the reservoir in question. For many reasons, it is also a better type of 
collective action than is proration. Among these are that it would place the properties 
back into the hands of the owners to manage collectively in harmony with general 
principles laid down by the state, and turn officials of the state free to give their time 
and attention to activities that more properly come within the functions of govern- 
ment than managing private properties and determining complicated petroleum 
engineering problems for which they have had no training. It would enable installa- 
tion of a single belt-line gathering system for the entire reservoir, to which all pur- 
chasers of crude would connect instead of connecting direct to the tank of each owner. 
This would not only stop stealing of oil and the running of ‘‘hot oil’’ but it would 
enable independent refiners to secure their crude on a basis somewhat comparable 
with the major companies and in turn would tend to eliminate any legitimate argu- 
ment for separating the integrated companies into their component parts, at least in 
the separating of pipe lines from production. Many other benefits would arise out of 
bringing about collective action through corporate power than those enumerated here, 
but at least this will suggest some of the possibilities of that procedure. 

Technology in the production of oil and gas has made wonderful strides during the 
past 15 years, but widespread general application of that technical knowledge to the 
production of oil and gas has been very slight indeed. A few isolated pools stand out 
as ideal operations, but proration is shot through with the concepts of oil and gas 
production that were prevalent 25 and 50 years ago. Its classification as a con- 
servation measure has little basis in fact. After the discovery and chaos pro- 
duced by every great new oil province discovered, beginning so long ago that the 
memory of man runneth not to the contrary, it has been solemnly proclaimed that 
never again will the lessons thereby taught be forgotten. We heard it at Oil Creek and 
McDonald, Pennsylvania; Lima, Ohio; Beaumont, Texas; Glenn Pool, Cushing, 
Seminole,{Oklahoma City, East Texas—and now history threatens to repeat itself in 
Illinois, although the actual oil and gas deposits in that state are insignificant in 
volume. 

Every one of these discoveries, under such enlightened control as engineering 
science has suggested, could have been made to produce oil and gas at a rate and in 
quantities that would have served as the foundation for permanent industries in its 
own locality for generations to come. Instead, each of them was developed under the 
capture rule theory, which not only sacrificed its own resources but paralyzed the oil 
industry elsewhere. Distant markets were sought instead of taking time to build 
industries near by. 

It is staggering to conceive what centers of stabilized industry the states of Kansas, 
Oklahoma, Texas, Arkansas, Louisiana and New Mexico might have become if the 
capture rule had not artificially stimulated the production of oil and gas to a degree 
that required their immediate transportation to distant markets, where they under- 
mined already established industries. A more statesmanlike attitude would have been 
to promote the use of this raw material at home. This would have nécessitated the 
development of oil and gas pools, so that they could have been taken ds needed. 
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On the other hand, it is difficult to comprehend how the officials of these several 
states propose that the next generation shall carry the tax burden this one is blithely 
laying upon it, while at the same time it is killing the goose that is laying the golden 
egg. At the present time most of the current tax income of these several states is 
derived from oil and gas in some form. How this tax burden can be suddenly shifted 
to some other source of tax income when the rapid decline in oil and gas production 
takes place under present methods of oil and gas exploitation is one of the problems 
facing early solution. 

The oil industry and the State and Federal Governments in the United States 
have talked much but done little since better methods were first advocated. It is 
true there has been much scurrying around with application of skin lotions to deep- 
seated ills, but there has been no systematic effort to change the law of oil and gas out 
of which the ills complained of arise. 

Dr. Pogue has stated very clearly the basic principles on which alone stability can 
be brought to the oil industry. They are set forth in the beginning of this discussion. 
To apply those principles is a most difficult undertaking. It will require, first, a 
very clear public understanding of the objectives and their advantages to the public, 
so that sympathetic cooperation may be had from it. It will then require friendly 
team work between the oil industry, the State Governments and the Federal Govern- 
ment, each doing its part fairly and openly with due recognition of the rights of all 
other interested people. 

This is a difficult program, but the stakes are so vast and the advantages so 
mutually beneficial to all concerned that its accomplishment should be possible if the 
issues are thoroughly understood and the steps necessary to its accomplishment are 
clearly established. Few things will further its progress more effectively than frank, 
open discussion in the A.I.M.E. Petroleum Division of the issues involved. 
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Economic Equilibrium in Petroleum Refining Operations 


By Norman D, Fitz Grraxp,* Junior Mremper A.I-M.E. 
(New York Meeting, February, 1939) 


THE lack of a continuous operating balance in petroleum refining, 
which is analyzed in this paper, is by no means a feature solely of this 
division of the oil industry. Serious disequilibria of a capital as well as an 
operating nature exist both in the producing and marketing departments, 
while problems in the former and to some degree the latter are complicated 
by political involvements. Attention has previously been directed to the 
unstabilizing influence of present proration formulas in stimulating unnec- 
essary drilling.‘ While equilibrium in petroleum refining operations has 
been fairly well maintained in the past decade, examination of departures 
may prove fruitful. 

Economic analysis is the application of time and motion study to the 
functioning of management, rather than labor. Properly applied it may 
reveal changes in policies that would increase the utility of the properties 
and facilities of the industry for stockholders, employees and the public, 
while contributing a stabilizing influence to the general economy. The 
study of economic equilibrium is essentially one of measurement and 
interpretation, requiring adequate data and the development of a tech- 
nique of analysis that employs statistical and mathematical methods as a 
supplement to the broad descriptive phase of economics. 

Economic equilibrium in petroleum refining is a dual concept. It 
embraces both the over-all balance between total storage and total 
demand for major products and the internal balance between the demands 
and inventories of the various products. The latter is the more complex 
of the two for it is concerned with proportionating the supplies of the 
several products stemming from the joint source to the demands for the 
individual products which are subject to wide variations. All the products 
are essentially nondurable goods, and they are used both by producers 
and consumers but in varying proportions. Motor fuel is very largely a 
consumer’s good, while residual fuel oil is almost entirely a producer’s 
good, the other products falling between these extremes. The peculiar- 
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ities of each are reflected in the contrasting responses of supply and 
demand to changes in prices and industrial conditions; some are elastic 
and sensitive, while others are inelastic and stable. 

The general uptrend in the total demand for petroleum products 
during the past decade has been marked by considerable differentiation 
between the several components. The constituent demands have changed 
continuously in relation one to another, under the influence not only of 
trend considerations but of seasonal, cyclical, and random factors. While 
the proportion of gasoline demand has remained relatively constant, the 
percentage of gas and distillate oil demand has expanded at the expense 
of residual fuel oil. Supplies are equated to these demands through the 
mechanisms of prices and inventories, with price performing a dual 
function. Price acts both as a cause and as an effect, for a rising price 
normally increases supply and constricts demand, although these economic 
effects are often obscured by the more powerful influence of industrial 
activity, as well as by the quick response of supply and the slow response 
of demand to changes in price. Inventory variations should permit 
adjustments between supply and demand arising from transient factors 
without recourse to changes in current supply or price. In the long run, 
however, dynamic equilibrium is maintained and the supplies of the 
various products are adjusted by the relationships between economic 
utilization and basic cost. 

The purpose of these analyses is to determine the factors motivating 
short-run departures from over-all balance and balanced relationships 
between the products in petroleum refining, in the hope that better 
understanding might lead to minimizing them. 


Data AND Mertuops EMPLOYED 


The study covers the period January 1930 through September 1938; 
prior data were not available. It is limited to the area east of California 
because in many respects the petroleum economy of California is different 
from that of the remainder of the country, as manifest in its unusual 
dependence on exports, its classification of some crude oils with fuel, 
its partial isolation due to high transportation charges, and the absence 
of strict proration. 

Statistics of current supply, current demand, and total inventories of 
gasoline, gas and distillate oil, and residual fuel oil were obtained from the 
reports of the U.S. Bureau of Mines. Totals of each of these items for the 
three products were computed and used in conjunction with the Federal 
Reserve Index of Industrial Production from the Survey of Current Busi- 
ness in measuring the over-all balance. Prices for each of the products at 
Mid-Continent refineries were obtained from the Oil Price Handbook and 
the National Petroleum News. 


a a —— 


A I ten 


NORMAN D. FITZ GERALD 221 


The over-all supply and demand relationship is measured by the con- 
formity of the total supply and total demand for the three products. 
Inasmuch as supply and demand actually are in fairly close harmony, 
the problem can be simplified by comparing demand with the cumulation 
of small excesses or deficits of supply expressed as inventories. As an_ 
additional aid to a better understanding of certain relationships demand 
has been correlated with industrial production, and industrial production 
with inventories. 

The methods used in determining both the over-all and the internal 
equilibria are those of correlation analysis. For the economist, this 
branch of statistical technique is simply the rough equivalent of controlled 
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experiment, whereby the relationships between variables may be devel- 
oped from masses of random observations. Coefficients of correlation 
are pure numbers indicating the degree of similarity between series. They 
are useful for comparative purposes in evaluating the period by which one 
series lags behind another. Furthermore, the equations developed from 
them permit estimation of a dependent variable from one or more inde- 
pendent variables by selection of the best weights. 


OVER-ALL EQUILIBRIUM 


There is a persistent lag of from three to six months in the conformity of the 
total demand for petroleum products with industrial production. ‘The total 
demand, total supply, excesses or deficits of supply, and the Federal 
Reesrve Board Index of Industrial Production are shown in Fig. 1. The 
degree of concurrence between the total demand and the industrial 
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production series in peaks, troughs, and swings, confirms the fact that 
petroleum demand is closely linked with general trade, although there is an 
appreciable difference in their trends. In Table 1, the lag of demand 
behind business is shown by comparison of correlation coefficients. The 
tendency of petroleum demand to follow business activity is consistent 
in both halves of the period. While the average lag for the period 
as a whole is about three months, maximum correlation occurs at three 
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AND ESTIMATES FROM RELATED STATISTICAL SERIES: STOCKS OF CRUDE OIL EAST OF 
CALIFORNIA, AND FRB InpEx or INDUSTRIAL PRopUCTION. 


months’ lag in the first half of the interval and at six months’ lag in 
the second. 


TaBLE 1.—Determination of the Lag in Conformity of Petroleum Demand 
with the FRB Index of Industrial Production 


Coefficients of Correlation 


Months of Lag 
January 1930 May 1934 to 


to April 1934 September 1938 Full Period 
OBR. Ma a TRA tie ede SES ea a +0.68 +0.48 +0.66 
ONidapadl hae yeinid: deals lester ee eee ae +0.807 +0.56 +0.702 
ea ond Gren, Meeps ye Bir se", +0.66 +0. 722 +0.65 


2 Best correlation. 


There is a persistent lag of from 12 to 15 months in the conformity of 
inventories of petroleum products with industrial production. Inventories 
of petroleum products, the cumulation of small excesses and deficits of 
supply, and the FRB index are shown in Fig. 2. These series indicate a 
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definite tendency for movements of inventories to follow changes in the 
index of industrial production by more than 12 months. Thisis strikingly 
shown by the substantial increase in the storage of products during 1937 
and the first half of 1938, whereas industrial production reached a peak in 
December 1936, and event for products attained its high point in 
September 1937. In other words, the oil industry did not reduce its 
operations sufficiently to commence liquidation of its excessive inventories 
of products until more than 17 months had elapsed from the top in 
industrial activity. The data in Table 2 show a maximum coefficient of 
correlation for a 12 months lag of inventories behind industrial produc- 
tion. Separate analyses for the first and second halves of the period 


TABLE 2.—Determination of Lag in Conformity of Inventories of Petroleum 
Products with FRB Index of Industrial Production 


Coefficients of Correlation 


Months of Lag 
January 1930 May 1934 to : 
to April 1934 September 1938 Full Period 


U8 orcdiitig tic Once Gt fe ee Rae +0.46 —0.26 +0.21 


Sy cont Gate AS tC a ORME aera rea +0.62 —0.04 +0.34 
OMT ea aen eta eo teieuees ees a tie sod +0.57 +0.36 +0.48 
SI 8 Gas as: OL RORN A toe Si teenie tes +0.62 +0.65 +0.52 
1 te ena oe +0.652 +0.82 +0 .68° 
ADR ats ar Ste wetadeiees Ske desires +0.53 SUM +0.59 


2 Best correlation. 


indicate lags of 12 and 15 months, respectively, suggesting that the tend- 
ency is consistent. Inventories, instead of reflecting current business 
conditions, are a full year behind, thus accentuating swings in the 
petroleum economy. 

Many factors play a part in determining the inventories of refined 
products; such as petroleum demand, crude-oil stocks, and the level of 
industrial production. The similarities of fluctuations in these factors 
and in products inventories despite lags and divergences in trends are 
shown in Figs. 1 and 2. The same impulses that result in changes in the 
storage of refined products may affect the stocks of crude oil, while shifts ; 
in the storage of crude oil resulting from expediencies in the production 
departments, particularly of integrated companies, may easily be carried 
through to the refining divisions and affect inventories of products. In 
any case similarities of movement in the components of the total petro- 
leum inventories appear logical. The available data suggest that the 
particular factors presented in Table 3 are most closely related to the 
inventories of petroleum products Coefficients of correlation have been 
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computed both before and after coincidence of trends have been obtained 
by the introduction of a trend element as an independent variable. 


TABLE 3.—Relationships of Inventories of Petroleum Products 
with Various Factors 


Coefficients of Correlation, 
Jan. 1930 to Sept. 1938 


Before Trend | After Trend 
Adjustment | Adjustment 


A Petroleum demand, 12th preceding month.............. +0.7774 | +0.9970 
B-Crude-oil'stocks, euirrently:< (as 2s. cn eee —0.3755 | +0.9965 
C FRB index of industrial production, 12th preceding month.| +0.6775 | +0.9932 


All factors sweet iitcle bck -ctalace chase Olea tebe ne aan alee ee +0.9983 


Therefore it appears that inventories of petroleum products of any 
particular month reflect the influences of total demand of the twelfth preceding 
month, the level of industrial production of the twelfth preceding month, and 
the current volume of crude oil in storage. ‘The following equation has been 
derived from these data and the trend element to represent their relation- 
ships to the inventories of refined products. 


Inventories of Refined Products* 


Procol eg Demand, TBD Grads Siena lop ae Et pisments 
x = 0.0124A +0.1000B +0.1744C +0.2616D 


* MB, millions of barrels; TBD, thousands of barrels per day; D, increases by 1 
each month. 


Estimates of the volume of petroleum products in storage as derived from 
this equation are shown in Fig. 2, in conjunction with the actual data. 
The degree of conformity of these series is such as to establish the proba- 
bility that the factors employed in the analysis are of major importance 
and that the influence of preceding demand and industrial conditions, 
rather than those of the near future, are paramount considerations. 

It should not be assumed that sound forecasts can be made from this 
formula or that it will come even moderately close to defining future 
inventory movements, for it is based upon cumulative errors rather than 
upon normal responses. Such maladjustments in inventory policy will 
eventually be corrected more rapidly as the difficulties and the means of 
avoidance become more widely understood. While this pattern may be 
repeated, it should become of less consequence in the future, and the period 
required for equilibrium to be restored should be foreshortened. 
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INTERNAL EQUILIBRIUM 


The examination of internal equilibrium, or the balance between the 
products, is expedited by the elimination of certain influences common to 
each of a group of factors and therefore not germane to the analysis: such 
as trends, swings in business, and shifts in the price level. Each factor of 
supply, demand, inventory and price is expressed as a percentage of the 
current monthly average of that factor for each of the three products; 
average seasonal variations are removed; and mean values adjusted to 
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Fig. 3.—GAsoLINE SUPPLY, DEMAND, PRICE, AND INVENTORY EAST OF CALIFORNIA, IN 
RELATIVE UNITS UNCORRECTED FOR SEASONALS. 
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equal 100. For example, the calculations of the current supplies of the 
products east of California for January 1930, in relative units were 
as follows: 


Relative Units 


ess Million Percentage | Average for | Adjustment | Adjusted to 
Barrels of Average Januaries | for Seasonal 100 
Gasoline 2 oie) eee 29.721 163 168 — 5 95 
Gas and distillate oil.... 5.147. 28 37 — 9 91 
Residual fuel oil......:.. 19.925 109 95 +14 114 
TOta eae ects Jota | DAO 300 300 0 300 


A VELA ZO me aitovers: oie ee! 18.264 100 100 0 100 
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In this way all the data are expressed in strictly comparable terms. The 
true relationships are unaltered and are more accurately and simply 
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Fig. 4.—GaAs AND DISTILLATE, OIL SUPPLY, DEMAND, PRICE, AND INVENTORY EAST OF : 
CALIFORNIA, IN RELATIVE UNITS UNCORRECTED FOR SEASONALS. 


perceived by thus minimizing the disturbances to which each of the group 


: 
of items is subject. This entire phase of the analysis is confined solely to 
these relative units; the data for gasoline, gas and distillate oil, and resid- 
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Fig. 5.—ResipUAL FUEL OIL SUPPLY, DEMAND, PRICE, AND INVENTORY BAST OF CALI- 
FORNIA, IN RELATIVE UNITS UNCORRECTED FOR SEASONALS. 


ual fuel oil, uncorrected for seasonal, are shown graphically in Figs, 3 to 3; 
respectively and the seasonal averages are tabulated in Table 4. 
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TaBLE 4.—Averages of Relative Units Used for Seasonal Adjustments 


Gasoline Gas and Distillate Oil Residual Fuel Oil 
Month 
Supply Dea Price | Stocks|Supply Jsaie Price |Stocks |Supply ee Price |Stocks 
JAN eset 168 | 148 | 142 | 176 37 49 | 107 43 95 | 103 51 80 
IED sci ess 167 | 147 | 141 | 189 36 47 | 106 36 97 | 106 53 75 
Mia em: 168 | 160 | 145 | 194 36 39 | 102 34 96 | 101 53 ffl 
ADIs Vis, 173 |177 | 152 1.193 33 32 96 35 94 92 52 72 
May....:. 176 | 186 | 154 | 186 oo 26 94 40 91 88 52 75 
JuMe...:. 176 | 192 | 158 | 175 33 23 91 47 91 85 51 78 
UWL Res es 177 | 193 | 162 | 164 34 25 89 53 89 83 49 83 
ANCE eens W771 193.) 162 1 152 34 25 90 60 89 82 48 89 
eptree ws 176 | 183 | 156 | 146 36 ol 95 63 89 86 49 90 
Oct 176 | 178 | 154 | 145 35 34 98 64 89 88 48 91 
INOW oe 0: L765, 2169" | 152)) ¥50 35 39 | 100 61 91 92 48 90 
DECI es . 171 | 154 | 143 | 162 36 49 | 107 52 93 98 ol 86 
TaBLE 5.—EHquations for Supply of Each Product, All Items in Relative 
Units* 
| Supply | Demand | Price | Inventory 
GASOLINE SUPPLY 
Jan. 1930—-April 19384............... X = 0.8554 + 0.050B + 0.095C 
May 1934-Sept. 1988.............. X = 0.748A + 0.227B + 0.025C 
SBATALDeTIO Misa) yess sues wets wie seem kenale X = 0.843A + 0.074B + 0.083C 


Gas AND DisTILLATE OIL SUPPLY 


Jan. 1930—April 1934............... X = 0.727A + 0.106B + 0.167C 

May 1934-Sept. 1938......:....... X = 0.826A + 0.084B + 0.090C 

JOU oxeserors se cictace bom oe eee X = 0.796A + 0.105B + 0.099C 
ResiwvuaL Furnt Or Suppiy 

Jan. 1930—April 1934........... SE X = 0.770A + .0.110B + 0.120C 

May 1934-Sept. 1938......... eae X = 0.679A + 0.821B + 0.000C 

Hulperodese acc v.c.7 shyeeee oe: X = 0.858A + 0.056B + 0.086C 


a 


Cox, Estimate of current supply; A, current demand; B, current price; C, current 


inventory. 
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The rate of supply of each product reflects the influences of demand, price, 


and inventory. Each factor was used currently and its weighting obtained 
by the methods of multiple correlation. In this way the net effect of each 
factor on the immediate functional responses of supply may be deter- 
mined simultaneously. Separate analyses are made for the two halves of 
the interval and the period as a whole. The equations derived are shown 
in Table 5. 

The relative rates of supply of each of these products and estimates 
derived from the full-period equations are shown in Fig. 6. The degree of 
conformity appears rather good for each product, but if higher correlation 
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Gasoline 


GASOLINE 
X =0643A+00/4B +0085 C 


<V F SF ° ¥ 
“GAS AND DISTILLATE OIL 
X=0.796A + 0.105B +0.099C 


Gas and distillate oil 


X=Fstimated supply ; A=Demand 
B=Price ; C=Invenfory 


Residual fuel oi! 


RESIDUAL FUEL OIL 
X=0858A + 0.056 B +0086 C 


I9SO8) SIS NI SZ 1933 | 1934 1935 1936 1937 1938 
Fic. 6.— RELATIVE RATES OF SUPPLY FOR EACH PRODUCT AND ESTIMATES FROM DEMAND, 
PRICE, AND INVENTORY: ALL FACTORS CORRECTED FOR AVERAGE SEASONAL. 


rather than determination of normal quick responses were the objective, 
prior demands would have been introduced as additional factors and 
nonlinear functions employed where indicated. Demand and price each 
plays a part in furthering supply, but the very presence of high inventories 
tends to stimulate supply without respect to demand or price. This 
influence, which appears in every equation for each product, and doubtless 
results from the momentum of supply derived from preceding demand and 
price stimuli is the surprising feature shown in the relationships. 

The importance of each factor in contributing to variations in relative 
supply may be evaluated directly, and analysis extended to shifts in time 
and comparisons between products. Homogeneity of units in all the 
series and identical mean values make this possible. The average weight 
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of each of the supply-determining elements is shown in Table 6 by 
products. Demand accounts for 83.3 per cent on the average, price 
7.8 per cent, and 8.9 per cent to momentum associated with inventories. 
The range of variation in the importance of each item between the 
products is rather narrow. 

Inventories of each product exert a positive influence upon the rate of 
supply instead of exerting a negative or normalizing tendency. Therefore, 
price ts required to fulfill not only its conventional economic functions but 
also that of overcoming the tendency of inventories to induce additional 
supplies. ‘The preceding courses of demand and price apparently have a 
persistent influence upon supply. This tendency counterbalances and 
reverses any response to the conventional function of inventories upon 


TABLE 6.—Average Importance of Factors Determining Relative Rates of 
Supply of Hach Product 


Percentage of Total Motivation 


Product 
Demand Price Inventory Total 
GASOMNE Went tol eae ae ree a 84.3 7.4 8.3 100.0 
Gas and distillate oil...:........... 79.6 10.5 9.9 100.0 
Residual taelioibs y6 ess eee ene a 85.8 5.6 8.6 100.0 
PAV OTAG Gute tle * cece te ele Inn coi a: bi 83.3 iS 8.9 100.0 


supply. Therefore, the momentum developed in this way appears in 
all of the equations of supply as an unstabilizing tendency associated with 
storage. While it is natural and proper to increase total inventories with 
an expansion in aggregate shipments, when the influence of both demand 
and price have been accounted for simultaneously, the residual tendency 
should be toward a reduction in supply when the inventory is large, and 
vice versa. This is especially true in the internal balance, for inflation 
of one inventory is relative to the others and has its counterpart in the 
automatic deflation of another. This lack of equilibration through 
the influence of inventories throws an excessive burden upon price 
in effectuating a balance between supply and demand. Consequently 
unnecessarily wide swings are induced in the supply, price, and inventory 
relationships of the several products. 

The joint nature of the supply of petroleum products causes any abnor- 
malities in the supply-inducing factors to be transmitted from one product 
to another, rather than be counteracted. An insight into the possible nature 
and origin of some of the disturbances to internal balance may be inferred 
from simultaneous consideration of the full-period equations of supply 


for the three products: 
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Summary of Products Relationships 


a 


Product Supply | Demand | Price | Inventory 

Gasoline: sc soko aie eae et oe X = 0.843A + 0.074B + 0.0838C 

Gas and distillate oil............... X = 0.796A + 0.105B + 0.099C 

Residual:fuel ole severe eve nieercte X = 0.858A + 0.056B + 0.086C 
AVELAD6 5 sinercise hteorichs Soa iaicabene ae x 


The links between these equations are fixed by the premises of internal 
equilibrium as manifest in the method of analysis which has established 
the sums of the supply, demand, price, and inventory factors for the three 
products for any month each equal to 300. Therefore, distortions due to 
abnormalities of demand or price of one product are not absorbed in part 
by the theoretically normalizing balance wheel of inventories but are 
transmitted to other products. Supply may be stimulated, but lacking 
demand the excess is carried to inventory, and the momentum associated 
with storage further complicates the problem. Meanwhile the corre- 
sponding elements of other products are distorted in the opposite direc- 
tion, inhibiting supply and requisitioning the excess of demand from 
inventory. In this way a price out of line with demand may alter the 
supply of a particular product and induce unsound shifts in the inventories 
of the various products. Eventually the correction of the maladjust- 
ments, including dissipating or reversing the momentum associated with 
inventory, must be effectuated entirely through the functioning of price. 
These characteristics make for swings in supply, demand, price, and 
inventory items, which are much greater than is necessary or desirable. 
Such imperfections of economic balance are not only unfortunate for the 
industry as a whole, but their influence spreads further, tending to induce 
and accentuate swings in the general economy. 

Recent shifts in the importance of the supply-inducing factors have been 
favorable in character. The nature and extent of these changes for each 
product and the total have been determined by differences in the coeffi- 
cients of the component stimuli in the equations of supply taken from 
Table 5, for the first and the last halves of the interval; these varia- 
tions are shown in Table 7. The total motivation of demand has declined 
slightly and there has been a moderate drop in the momentum associated 
with inventories while these changes have been counterbalanced by a 
substantial rise in the part played by the functioning of price. Although 
the ascendancy of price is not necessarily sound, the decline in the 
disequilibrating momentum associated with the inventories of each of 
the three products is an encouraging development. This impetus to 
store a product when the demand has decreased and, conversely, to 
withdraw from storage when the demand has increased, rather than 


= 0.833A + 0.078B + 0.089C 
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TaBLE 7.—Net Changes in Motivation of Relative Rates of Supply of Each 


Product from First to Second Half of Period 
eee ee ee 


Net Change in Percentage 


Product 3 
Domend | tees Net |turentory in| “coe 
(CAsOlINeG wpe een a teh os —10.7 +17.7 — 7.0 0.0 
Gasmnd distilateoile-see ose sn. ot. + 9.9 — 2.2 — 7.7 0.0 
Residual fuel oil....... — 9.1 +21.1 —12.0 0.0 
RG TY ene te ae gen ee — 9.9 +36.6 —26.7 0.0 


shift yields between products to maintain internal balance, has been a 
source of trouble to the industry by accentuating the departures from 
conditions of equipoise. Gasoline and residual fuel-oil supplies have 
both become more responsive to price, while the effects of demand and 
inventory momentum are slightly less. The supply of gas and distillate 
oil has become more sensitive to demand and less subject to price and 
inventory momentum. This change is indicative of the increasing 
willingness of refiners to adjust operations to produce more gas and dis- 
tillate oil without the added incentive of a higher price. 


SUGGESTIONS FOR MAINTENANCE OF EQUILIBRIUM 


Despite the fact that the oil industry has one of the best and most 
complete statistical registers among our major industries, it appears to 
give little attention to the management of inventories of products until 
the problem becomes acute and important price changes have been 
induced. This difficulty could be mitigated if the current supply of 
products were adjusted to the near future level of demand, rather than 
to shipments of the recent past. Then the lag in the adjustment of 
inventories to demand would be reduced and swings in prices minimized 
by the maintenance of a better over-all balance. Experience in the 
petroleum industry, in common with most industries, has shown that 
inventories of products are generally accumulated at rising or high prices 
and liquidated at declining or low prices, accentuating the swings in 
prices. Speculation in petroleum inventories has imposed a heavy cost 
upon the industry because it is so difficult to effect reductions, and the 
influence of small excesses in storage is important in determining the 
prices of very large volumes of products currently produced and sold. 
Even the burdensome increase of 29.9 per cent in the storage of refined 
products in 1937 represented only 2.8 per cent of the total shipments for 
the year. During the early stages of a decline in business, a portion of 
demand should be met from inventory, thus freeing working capital and 


hastening the return to stability. 
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An unusual opportunity is afforded in anticipating changes in require- 
ments because shipments of petroleum products appear to lag industrial 
production by more than three months. Seasonal shipments induce 
wide movements in the storage of particular products, but the com- 
plementary nature of their requirements permits efficient operation with 
a relatively constant over-all inventory. An effort should be made to 
counteract the present tendency of excessive supplies to be produced for 
several months after a decrease in demand with its resulting inventory 
increases. Care should also be exercised to avoid an expansion of inven- 
tories based upon abnormal or erratic demands as contrasted with wise 
increases based upon stable advances in shipments. 

The problem of balancing the supplies and demands of the various 
products is not always a simple one, especially for the individual refiner. 
Limitations imposed by refinery equipment, the characteristics of the 
available supply of crude oil and the quality requirements for the finished 
products often make major shifts in yields impractical or impossible. It 
is essential therefore that changes in the relationships of the demands for 
the several products be reflected in supplies as quickly as possible, if 
they cannot be anticipated. For the sooner the necessary adjustments 
are made, the smaller they would have to be to balance supplies with 
demands and minimize the pressures upon the price structure. 

Having allowed for normal seasonal considerations, the rates of near 
future demand for each product, with due weight given to the level of 
inventories, should govern the rates of supply. In this way, internal 
balance would be maintained, the possibility of overrefining particularly 
to yield one product would be obviated, and the necessary storage of all 
products minimized. Caution should be exercised to recognize unstable 
relationships between the rates of supply for the various products, which 
frequently originate in the momentum developed by preceding demand 
and prices or by abnormal levels of price in relation to demand. Yields 
of the several products should be distributed on the basis of relative 
demands lest the abnormalities in economic relationships of one product 
be translated into distortion in another. The principles of economic 
conduct here outlined would in no wise restrict the free interplay of 
_ economic forces, because changes in price levels and price relationships 
would be unimpeded. However, the narrower equilibrium range that 
would result between the supplies of the various products and their 
demands would tend to limit price fluctuations, decrease the speculative 
hazards of the industry and produce an evener flow of profits, wages, 
taxes, and capital requirements; exerting a smoothing effect upon the 


general economy. 
In ConcuLusion 


The economic problems of the oil industry have grown rapidly in 
recent years and now appear of similar magnitude to the engineering 
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problems that characterized an earlier phase of its growth. The need 
for economic skill in corporate control has been increased by the insta- 
bility of our present economy. Although there is an active interest in 
the statistics of the oil industry, it is largely academic and falls far short 
of being reflected in economic action. In all probability, however, the 
economic functions of management eventually will be developed on a 
basis comparable with the knowledge and skill at present existing in other 
technical fields. An interesting contrast can be drawn between engineer- 
ing development and current economic research in the oil business. The 
industry is in full control of its technical expansion and understands its 
physical problems far better than others; today, however, a major part 
of the economic research into the character and functioning of the 
petroleum and other industries is being conducted under the sponsorship 
of government and outside the control of industry. The potential 
implications of the extensive and often advanced nature of the economic 
analyses carried on beyond the purview of management should receive 
the attention warranted by such a state of affairs. 


DISCUSSION 


(Sidney A. Swensrud presiding) 


V. S. Myurs,* New York, N. Y. (written discussion).—Aside from the practical 
aspects of this paper, and speaking broadly, the paper is particularly significant 
because it is a commendable attempt to direct the attention of management in the 
petroleum industry to a type of economic analysis that holds high potential possi- 
bilities for increased efficiency in management and increased profits. Dynamic 
analysis is the basis of successful operation in many outstanding fields of industrial 
and business endeavor today. The petroleum industry stands to benefit exceedingly 
when it discovers and applies the principles of dynamic economic analysis to its 
copious statistics. From the dais the author of this paper extemporaneously remarked 
in substance that it requires no particular skill for management to show earnings while 
the industry is enjoying its period of growth and the yearly increment of demand 
increase is effective in wiping out both prior and current operating discrepancies. 

Management would be prudent to anticipate the time when demand will level off 
and the struggle for existence force it to adjust its policies to its new environment. 
The transition from the type of management applicable to a growing industry to that 
applicable to one whose growth rate has tapered off will be greatly facilitated if present 
management will take a more realistic point of view in its practical economics. There 
is no reason to believe that any or all individual units of the petroleum industry could 
not approach the enviable record of management and profit that has been set by the 
industries that already are applying scientific economic statistical methods. This 
paper by Dr. Fitz Gerald indirectly pioneers such an idea. 

' Static analysis, which is the current vogue in dealing with petroleum economic 
statistics, is satisfactory within certain limits. A cross-sectional statistical picture or 
description of an economic situation occurring at a certain time 1s interesting in itself, 
but the kaleidoscopic character of our economy rarely renders the elements in any two 
practical situations (selected at random) such as those with which management must 


* Tide Water Associated Oil Co. (Inc.), 
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deal so that they will coincide. It is obvious that the value of static analysis is seri- 
ously restricted. It is only when a consecutive series of these static, statistically 
portrayed economic situation pictures are combined into a smooth succession of 
progressing economic pictures that the important dynamic relationships existing 
between the individual economic elements are revealed as in bas-relief and the founda- 
tion for rational economic forecasting is laid. (An analogy suited to the difference 
between static and dynamic analysis is that of the difference between the mechanics 
of stereopticon and moving pictures; the latter being infinitely more effective for 
exhibition and analysis.) 

Trend analysis and trend extrapolation, which are the current vogue for prediction 
in practical petroleum economic statistics, give unreliable results since time in itself, 
although it may provide a convenient statistical factor, is certainly no economic 
element. In other words, the mere fact that the secular trend of past experience has 
progressed in a given direction is no assurance that it is to continue in that direction. 
The growth or decline of any economic element is not due to time but is due to its 
normal relationship with other economic elements interoperating with it. This leads 
to a consideration of two types of correlation analysis. The first type is represented 
by a plot of two or more economic elements in which time is used as one coordinate, 
usually the abscissa or horizontal axis. Correlation is measured by scansion of the 
shapes of the two secular plots and is necessarily qualitative, a change in direction, 
leading, lagging or coinciding with and suggesting a change in direction of the other. 


If petroleum industry management is to make efficient use of economic statistics it’ 


must not only know the direction but the amount of continuance of change that is 
predicted for the economic element of its particular interest, and if management is 
to be expected to have any lasting confidence in these qualitative results, they must 
be accompanied by an index of their reliability. These latter two concepts are most 
expediently visualized by a plot on which both coordinates are economic elements. 
In such a plot, time is not ignored, but is represented as the point of coincidence of 
two economic elements. This type of plot is known as a “scatter diagram.’”’ The 
“best fit”’ to the plotted points yields the quantity of change to be expected; the dis- 
persion of the plotted points about this line indicates the reliability of the estimate. 

The excellence of this paper by Dr. Fitz Gerald is partly due to the infallibility 
of his method of analysis as a producer of signfficant results and to his frankness in 
supplying indices of reliability. (The latter, by the way, are conspicuously absent in 
present-day estimates on petroleum statistics.) I would like to call attention to 
the fact that although scientific methods offer tremendous possibilities for the improve- 
ment of management in the petroleum industry, and the increase in its profits, they are 
being neglected. In connection with the petroleum industry, consequently, scientific 
statistical methods are suffering the growing pains of immature development. Never- 
theless, the result of any attempt at dynamic analysis, even though in the stage of engi- 
neering research, is far and away ahead of the results of analysis by other analytical 
methods, just as the early motion pictures, imperfect as they were, were far ahead of 
the ‘‘stills.’”’ 


World Consumption of Petroleum and Related Fuels 
during 1938 


By V. R. Garrias,* R. V. Waerset,* Mempers, anv J. W. Ristort,* ASSOCIATE 
Memser A.I.M.E. 


(New York Meeting, February, 1939) 


PRELIMINARY estimates indicate that world consumption of petroleum 
and related fuels in 1938 will be close to 1,908,000,000 bbl., or approxi- 
mately 7,000,000 bbl. less than in 1937. This total does not include 
military consumption in foreign countries, which for obvious reasons is not 
made public. Foreign military consumption in any one year, however, 
is approximately represented by the difference between the total produc- 
tion of petroleum and related fuels and the ‘partial total’’ consumption 
above noted, after adding any decrease, or subtracting any increase in 
stocks in the United States. Fig. 1 illustrates this ‘‘difference’’ and 
shows that in 1937 and 1938, owing to the wars in China and Spain and 
the possibility of armed conflict in Central Europe, foreign military 
consumption—and possibly additions to foreign stocks—increased 
nearly 70,000,000 bbl. in 1937 over 1936 and remained at this high rate 
throughout 1938. 

No official information on eee oil stocks is available to the writers. 
Table 1, recently published, purports to give the oil in storage in some of 
the European countries, but it is not known whether the figures include 
oil stocks for military purposes. 


TaBLeE 1.—Oil Stocks in Various Countries* 


Country Jan. 1, 1937 Jan. 1, 1938 Country Jan. 1, 19387 Jan. 1, 1938 
FUUSSIB., 3 ures 69,236,000} 72,055,000} Netherlands... 2,649,000} 3,492,000 
Hrance® 3.0%. « 18,443,000] 19,773,000] Sweden....... 1,424,000} 1,909,000 
Germany...... 10,573,000) 10,390,000] Hungary. . 1,103,000} 1,891,000 
Rumania...... 9,233,000] 6,996,000] Austria....... 991,000 978,000 
Hiballivess dt i.cheras)e 6,503,000} 5,047,000] Switzerland. . . 384,000 384,000 

: 120,539,000} 122,415,000 


@ New York Times, Sept. 18, 1938. 


It should be noted that with the annexation by Germany of Austria 
and part of Czechoslovakia the consumption of the country has increased 
to 53,000,000 bbl., which is about 36,000,000 short of the German produc- 


Manuscript received at the office of the Institute Feb. 4, 1939. 
* Cities Service Co., New York, N. Y. 
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TABLE 2.—World Production and Consumption of Crude Oil, Petroleum 
and Related Fuels 


THOUSANDS OF BARRELS 


Excess Production over United States 
Consumption Military 
Production | Consumption Consumption 
Vicar of Crude Oil | of Petroleum ‘ and Storage 
and Related | and Related Outside P Excess Outside 
Fuels Fuels United | United | World | Exports To U.S.A. 
States States Total over Storage 
Imports 


1932 1,362,039 1,348,407 R13,011| 26,643 | 13,632 | 28,781 | R41,792 55,424 
1933 1,467,128 1,406,923 67,427} R7,222 | 60,205 | 60,254 7,173 53,032 
1934 1,562,834 1,507,599 26,164) 29,071 | 55,235 | 64,013 | R37,849 93,084 
1935 1,702,793 1,614,475 53,027| 35,291 | 88,318 | 75,474 | R22,447| 110,765 
1936 1,864,997 1,795,560 52,209] 17,228 | 69,437 | 74,890 | R22,685 92,122 
1937 2,121,337 1,914,856 161,445} 45,036 | 206,481 | 115,677 45,768) 160,713 
1938 2,062,090 1,907,507 130,770} 23,813 | 154,583 | 139,000 R8,230| 162,813 


TABLE 3.—World Production of Crude Oil and Related Fuels 


THOUSANDS OF BARRELS 


1937 1938 
Country 
Cito | RARE Sr aealzn aoeaeat ate ee 

United States.......... 1,279,160) 51,967 | 1,331,127] 1,212,970) 52,000 | 1,264,970 
RGSBISi evant neeeeek ate 200,000; 1,000 201,000) 209,000; 1,000 210,000 
Venezuclais.. ton eau 185,700} 900 186,600} 189,100} 900 190,000 
Ares ee eet oe ates oe 78,740} 1,000 79,740 75,000} 1,000 76,000 
Netherlands East Indies 56,270} 1,900 58,170 55,600} 2,000 57,600 
A EAUNOAY MAVEN woes csr ey Bae 52,180} 800 52,980 48,500} 700 49,200 
MOxIC0:55,3. 6,0 ree 46,900} 900 47,800 37,000} 1,000 38,000 
Trad era ss ee 30,600 30,600 30,900 30,900 
Colombians essen 20,290} 600 20,890 21,500} 600 22,100 
PLTINIOAs tek emirates 15,500} 120 15,620 17,800} 200 18,000 
Germany... ete 3,180) 12,140 15,320 4,300] 13,000 17,300 
POL Nervi Feld neat ee etter has 17,470} 1,300 18,770 16,000} 1,200 17,200 
FATSONUING: rire ists 16,240} 400 16,640 16,300} 400 16,700 
Britighy ncigine ake st, 9,850} 140 9,990 9,860) 140 10,000 
Bahrein Islands........ 7,760 7,760 8,480 8,480 
Canatlaen nn? tine otenn 1,180} 1,800 2,980 5,000} 3,000 8,000 
British Borneo......... 6,030} 1380 6,160 7,180} 150 7,330 
Polatidacvamie ates 3,710} 150 3,860 3,820} 150 3,970 
JAMA oe a No acteurs 2,490} 150 2,640 2,530} 150 2,680 
COA GOTe ess anette ire 2,160 2,160 2,260 2,260 
fa got eye ae bees ath 1,150 50 1,200 1,540 60 1,600 
Otherseire wre, ca eee 1,830} 7,500 9,330 2,100) 7,700 9,800 

2,038,390} 82,947 | 2,121,337] 1,976,740| 85,350 | 2,062,090 


a ee rc | 


~~ 
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TABLE 4.—World Consumption of Petroleum and Related Fuels* 
THOUSANDS OF BARRELS 


Country 


France. . 


Japan. ee 
Netherlands ‘West 


Australia. . ae 
PRWMAANIS,. 9-2 say cts 2 


Piste Sere. 
Union of South Africa. 
Belgium. . 
Denmark. . 
ee a at 


British Malay......... 
New Zealand......... 
Philippine Islands. . _. . 
er art Islands...... 
Pps. ee he 
Geitielaad © 

Poland. 

Panama Canal Zone... 
Ceylon.. metiseeteeris 
Colombia............. 


WYNRUSV) «cae kun ss 
Trish Free State... 

Czechoslovakia. _ 
AMANO’ oc tees ys 


WAISOUIRS Coins tots beastie 
Puerto Rico........ : 
Palestine............. 
JAMIAICH os a ee 


Portugal: .j0s0 0... 3 


MER OV an hte ane 
Kenya and Bgl pat 

Siam... Aries pe 
Maatriat er cts. Ss ois 
Miscellaneous?........ 


1937 1938 
a | eS 8 2 | 2 .3 
Sg) 88s |22188] 3 | SE] 2 | Sel eel] Be] a 
519,352| 54,972)/442,355|23,323|129,680/1,169,682|521,000) 56,000/407,000/21,200/129,000] 1,134,200 
24,000) 41,000) 64,000} 9,200) 20,000} 158,200) 27,000) 42,000} 65,000] 9,500] 21,000] 164,500 
44,000| 6,700| 27,400] 3,500| 4,300] 85,900} 47,500] 7,000] 30,000] 3,800] 4.500] 92,800 
25,000} 1,700} 17,200} 2,300} 4,700} 50,900] 26,500} 1,800} 18,300] 2,500! 4,900| 54,000 
23,500 800} 13,000} 3,000} 5,000} 45,300) 27,300) 1,500} 15,500] 3,500} 5,200) 53,000 
21,000 600} 14,000} 3,600) 4,300} 43,500) 23,000 650} 15,500] 4,000) 4,850} 48,000 
6,300} 1,200} 16,000) 300} 1,500) 25,300) 7,000} 1,300] 17,000} 400] 1,800] 27,500 
10,400} 2,000) 16,500) 2,500} 2,700} 34,100) 7,800} 1,500) 11,800) 1,800} 2,100) 25,000 
180} 30] 13,500} 40} 4,300} 18,050] 250} 50) 17,000] 50] 5,000] 22,350 
5,200 900| 11,300} 900/° 1,700} 20,000} 5,500 950] 11,850} 950} 1,750} 21,000 
3,600} 1,000} 15,000} 300) 1,690} 21,590} 3,000 800} 12,600} 200} 1,400} 18,000 
2,650) 6,950) 4,100} 1,050) 1,400} 16,150) 2,700} 7,000) 4,100) 1,050} 1,400} 16,250 
7,500| 1,300) 3,600] 450) 1,000] 13,850] 7,800) 1,300} 3,800] '450| 1,100] 14'450 
900} 1,050} 9,000) 170] 1,500] 12,620] 1,000] 1,200} 10,000] 220} 1/800] 14'220 
1,500} 1,950] 6,100) 250] 1,500) 11,300] 1,500] 2,000] 6,100| 250) 1,500] 11,350 
3,500} 2,000) 3,500} 400) 1,000} 10,400) 3,600} 2,000} 3,800} 450] 1,100} 10,950 
600} 1,200} 5,500) 350) 2,500) 10,150 600} 1,300) 5,700} 400} 2,600} 10,600 
4,000} 900) 2,900] 400] 700} 8,900] 4,100} 900) 3,000} 400] 700| —9,100 
650} 30] 1,300] 40) 6,100] 8,120] 700} +. 30) ‘1:350| 40] 6,100] 8,220 
2,700 850} 4,200} 250 100 8,100) 2,750 850} 4,250} 250 100 8,200 
4,000} 460] 1,600) 280) 400) 6,740] 4,100} 470) 1,700] 280]  400| 6,950 
4,100} 350] 1,300] 400) 500] 6,650| 4,150] 350) 1,300] 400} 500| _—6,700 
2,700 700} 2,100} 350 200 6,050} 2,700 800} 2,500} 350 200 6,550 
1,300} 2,800] 1,800) 300] 400] 6,600) 1,300] 2,800] 1,700) 300] 400] —_ 6,500 
750; 1,700} 2,700} 150 430 5,730 800} 1,800} 2,800} 200 450 6,050 
335| 100} 4,880/ 40] 10] 5,365] 340| +100) 4,900 40| ~—-10/ ~—«5,390 
620 70| 3,900 40 120 4,750 750 80} 4,200 50 120 5,200 
650| 100) 4,000) 70) 50}  4,870/ 700} 100) 4100) 70] 50] 5,020 
1,500 500} 2,450) 150 200 4,800} 1,500 500} 2,500} 150 200 4,859 
120| 70] 4,000} 30|  300| 4,520 120] 70) 4,150/ 30) 350] 4,720 
1,000/ 300) 2,800} 120} 200] 4,420] 1,000] 300} 2,900] 120] 200) 4,520 
2,500 200} 1,200} 100 200 4,200} 2,550 200} 1,300} 100 200 4,350 
1,000] 600] 2,400} 90} 130] 4,220] 1,000) 600} 2,500) 90] 130] 4,320 
1,050} 150} 2130] 70] 70) 3,470] 1,200] 200} 2,400] 100] 100) 4,000 
2/900} 200] 1,700/ 100] 200] 5,100] 2,300] 180) 1,300] 100/ 120) 4,000 
350| 230} 2300) 60|  g00| 3,740] 350) +230} 2,400] 60) +~—-800|_~—«3,840 
1,650/ 170] 1,200} 150} 100] 3,270} 1,750| 170) 1,300} 150) 100] 3,470 
600} 1,000 450; 300 450 2,800 800} 1,100 600} 350 500 3,350 
120] ' 30| 2,460] 20)  40/ 2,670/ 130; 30) 2,770/ 30| 40) _—-3,000 
347 223) 2,289 25 5 2,889 355 235} 2,370 30 10 3,000 
710| 100) 1,500) 30) 110] 2,450] 800] +130) 1,900] 20] 125) 2,975 
550 210) 1,800 30 320 2,910 500 200' 1,700 30 300 2,730 
550; 150} 1,500] 60}  120| 2,380) 550| 150| 1,600] 60] 130) —-2,490 
450 250) 1,650 40 40 2,430 450 250; 1,700 40 40 2,480 
1,150/ 520/ 270] 70) 250] 2,260] 1,200] 550; 280| 70| 250) 2,350 
1/320} 630] 560] 270) 50] —3,330/ 1,200} 400] 390) 200) 30) 2,220 
1,000; 550/ 100] 120) 120) 1,890} 1,050] 550] 130] 120/ 120) 1,970 
590}  480|  640/ 110) 110] 1,930) 600] 480} 650] 110) 120) 1,960 
950; 300} 400}  80| 120]  1,850| 950] 300} 405] + so| 120} 1,900 
520, 70} +1,060| 30}  40| 1,720] +540] + ~—«80|_ -1,100) 35) 45] 1,800 
350| 390/ 600| 25] 170 1,535/ 380) 440] 650) 30] + +200] _~—«1,700 
200/  50| 1,300; 10| 30] 1,590] 210] 55) 1,310] 10] 35) —‘1,620 
610|  400| . 350/ 70/ 70) + +—+1,500) +620) += 410} += 360] += 70} = 70) ~—s«i1,580 
820]  90| 150| 40) 140] 1,240] 830) 90} + 150] 40) 140) ‘1,250 
925} 50| 700) 90; 10) + 1,075; + 240; 60; +790} +100) 10) +~—*1,200 
335| 315; 430| 55; 15] 1,150/ 340; 320) 440/ 60) 17) 41,177 
370| 150/ 540} 25] 10] 1,095] 375| 145) 545] 25] 10] —‘1,100 
170|  340| 320) 50) 50 ae 190} 360) 340] 60) 60) —‘1,010 
900} 300] 1,200} 160} 160 
5,083] 2,891| 4,437] 623)  871| 13,905] 5,337] 3,040} 4,626] 657| 915} 14,575 
751,477] 145,321|757,621|57,156|203,281|1,914,856)764,857| 148,455) 732,451 |56,227/205,517| 1,907,507 


@ Consumption figures include crude consumed as such, all its pas and related fuels such as benzol, natural gasoline 


alcohol used as motor fuel. 


6 See Table 5. 


Oil delivered to ships’ bunkers is inclu 


ed in consumption of country where deliveries are made, 
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tion of natural and synthetic petroleum; also, that the Rumanian fields, 
now more accessible to Germany, produce about 35,000,000 in excess of 
Rumanian consumption. 

The outstanding developments during the year were: the decline of 
35,000,000 bbl. of consumption in the United States and the increase in 
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military consumption, chiefly in Japan, China and Spain. The decline 
in the production of Mexico and the continued high production of 
synthetic oils in Germany are also worth mentioning. 

The writers present, for the first time, a detailed tabulation (Table 5) 
of the countries that individually consume less than 1,000,000 and more 
than 100,000 bbl. a year and that are grouped under the heading of 
“miscellaneous” in the main table of Consumption. 


Chapter IV. Production 


Introduction 
By James Terry Ducr,* Memper A.I.M.E. 


In order to facilitate interpretation of the data in this chapter, we 
print the following excerpts from circulars to authors, compiled by Mr. 
Frank A. Herald when he was Vice-chairman for Production of the 
Petroleum Division, and revised in 1939. 


Generally in Table 1 the unit for presentation of data is a field. For our purposes 
a field is defined as the whole of a surface area wherein productive locations are con- 
tinuous. Such unit commonly includes and surrounds nonproductive areas. Such 
- unit commonly includes a great variety of geologic conditions—several units of con- 
tinuous productive reservoirs of distinctly different structure and of distinctly different 
stratigraphy. Therefore it is hoped that our authors will subdivide “‘field”’ so as to 
enable students to make analyses that may have scientific and/or commercial value. 

As to each space in the tabulation, it is either (1) not applicable, (2) the proper 
entry is not determinable, (3) the proper entry is determinable, but not determinable 
from data available to the author, (4) the proper entry is determinable by the author. 
In spaces not applicable, the author will please draw horizontal lines; in spaces where 
the proper entries are not determinable, the author will please insert x; in spaces where 
the proper entries are determinable but not determinable from data available to the 
author, the author will please insert y; in spaces where the proper entries are deter- 
minable by the author he will, of course, make such entries. Generally, y implies a 
hope that in some future year a definite figure will be available. 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by the 
author in many cases where entries are not subject to precise determination. In such 
cases the author should use his good judgment and make the best entry possible under 
the circumstances. For many spaces, the correct entries represent the opinion of the 
author (for example, ‘‘Area Proved’’) and in such cases the entries need not be 
hedged to such extent as in cases where the quantities are definite yet can be ascer- 
tained only approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use x. For example, if the total production of a field is known to be 
between 1,800,000 and 1,850,000, the author may report 1,8rz,xxrz; or if the produc- 
tion is between 1,850,000 and 1,900,000, the author may report 1,9x2,r2x2. 

Where a numeral is immediately to the left of x or y, such numeral represents the 
nearest known number in that position. 

As to quantity of gas produced from many fields the question will arise as to 
whether the figures should include merely the gas marketed or should include also 
estimates of gas used in operations and gas wasted. Although rough approximations 


* Geologist, The Texas Company, New York, N. Y.; Chairman for Production, 
A.I.M.E. Petroleum Division, 1936-1937, 1937-1938 and 1938-1939. 
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may be involved, our figures should represent as nearly as possible the total quantity 
of gas removed from the reservoir. 

While we have not provided a column for showing the thickness of the productive 
zone, generally the difference between average depth to bottoms of productive wells 
and average depth to top of productive zone will represent approximately the average 
thickness of the productive zone. For fields where this is not true because of unusually 
high dips, or for other reasons, it is suggested that the authors indicate in their texts 
the approximate average thickness of the productive zone. 

The figure representing net thickness of producing rock should correspond to 
the total of the net portions of the producing zone which actually yield oil into the 
drill hole. It is recognized that for some fields the authors can make only rough 
guesses—so rough that figures would be of no value. In such cases the authors should 
enter either x or y, whichever is more appropriate. 

We are particularly anxious to have every author give due consideration to the 
determination of structural conditions of each oil and/or gas body. Please consider 
each oil and/or gas reservoir and indicate its structure. The mere fact that a reservoir 
is on an anticline is not proof that the structural condition affecting the accumulation 
is anticlinal; for example, an oil and/or gas body limited by the upper margin of a 
lens on the limb of an anticline is ‘‘ML”’ as to structure. By all means, if the oil 
body occupies any position in the lens other than its upper limit, please so indicate 
clearly by footnote, for ‘‘ML” means, unless modified, that the accumulation is at 
the upper part of the lens. In every case where the oil and/or gas body terminates 
short of the up-dip continuity of the reservoir, please carefully check your evidence 
and then appropriately record your conclusion. ‘Terrace,’ ‘‘Nose”’ and ‘“‘Syncline’’ 
are the only terms in our legend which presume such continuity. 

In Table 2 are listed the important wildcat wells completed during the year. 
By the term ‘important’? is meant: wells discovering new fields; wells resulting 
in the discovery of important extensions to old fields; wells discovering new zones in 
old fields; wells condemning important areas or resulting in significant stratigraphic 
information, even if the wells are dry; and exceptionally deep wells. At the foot 
of this table the total number of wells drilled in each district is given, segregated as 
to oil wells, gas wells and dry holes. The number of wells drilling on Dec. 31, 1938 
are in two divisions, designated as wildcat wells and wells in proven fields. 


Footnotes to Cotumn HrapinGs—TasieE 1 


« Areas where both oil and gas are produced are included under heading “ Oil.”’ 
_b Wells producing both oil and gas are classified as ‘‘ Producing Oil.” . 4 
¢ Gas wells are those producing gas, but include those producing wet gas, from which casinghead 


‘gasoline may be produced. i 
4 Bottom-hole pressures are preceded by “‘e.’’ All other figures represent pressures at casinghead 


with well closed. 

«Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Mississippian; MisL, Lower 
Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; Per, Permian; Tri, Triassic; Jur, 
Jurassic; Crel, Lower Cretaceous; CreU, Upper Cretaceous; Hoc, Eocene; Olig, Oligocene; Mio, 
Miocene; Pli, Pliocene. 

/ 8, sandstone; SH, sandstone, shaly; Ss, soft sand; H, shale; L, limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite; Da, arkosic dolomite; GW, granite wash; P, serpentine; O, odlite; 
Slt, siltstone. 

9 Figures are entered only for fields where the reservoir rock is of pore type. _ Figures represent ratio 
of pore space to total volume of net reservoir rock expressed in per cent. ‘‘Por’’ indicates that the 
reservoir rock is of pore type but said ratio is not known by the author. “‘Cav”’ indicates that the 
reservoir rock is of cavernous type; ‘‘Fis,’’ fissure type. , ‘ 3 le 

h A, anticline; AF, anticline with faulting as important feature; Af, anticline with faulting as minor 
feature; AM, accumulation due to both anticlinal and monoclinal structure; H, strata are horizontal or 
near horizontal; MF, monocline-fault; MU, monocline-unconformity; ML, monocline-lens; MC, mono- 
cline with accumulation due to change in character of stratum; MI, monocline with accumulation 
against igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by asphalt; D, 
dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important feature; N, nose; S, syncline. 

i Information will be found in text as indicated by symbols; A, name of author, other than above, 
who has compiled the data on the particular field; C, chemical treatment of wells; G, gas-oil ratios; 
P, proration; U, unit operation; R, references; W, water; O, other information. 


Oil and Gas Development in South Arkansas in 1938 


By Warren B. Weexs,* Associate Memser A.I.M.E. 
(New York Meeting, February,"1939) 


Tue development of the relatively deeper fields discovered during 
1937 helped build the 1938 production to 18,456,760 bbl., an increase of 
6,295,910 bbl., or 51.6 per cent over 1937, and the largest production for 
south Arkansas since 1930. 

Schuler and Rodessa accounted for the increased production as well 
as for over half of the wells drilled in the state. There were 243 holes 
drilled during 1938, of which 200 were completed as oil or gas wells. 
Of the 29 wildcat wells completed, 25 were dry, 3 found oil in the Smack- 
over limestone, while 1 made a small oil well in the Nacatoch sand. This 
was less than half the number of wildcats drilled the previous year, but 
nearly twice as many field wells were drilled. The old depth record of 
7973 ft. was exceeded twice during the year, with the present record of 
8332 feet. 


TREND OF PROSPECTING 


The porous “‘ Reynolds” odlite of the Smackover limestone! has been 
the object of most of the wildcat prospecting during the past two years. 
Seismograph work, which brought 22 crews into this area during 1938, 
was largely pointed toward a study of the structure of this limestone 
formation. Thirteen dry wildcats have been drilled to this formation 
and five pools have been opened in it since it. was first found to be produc- 
tive at Snow Hill in the spring of 1936. 

With the failure of ‘“updip” prospects to produce, activity moved 
southward and basinward. Success in five instances in Columbia and 
south Union Counties has spurred activity in this area. Much of the 
acreage is under lease and half a dozen deep limestone tests are assured 
for the current year. 

Fig. 1 shows the location of the principal oil fields in south Arkansas, 
as well as one or two minor producing areas. The fields are numbered in 
the order of their discovery. It is shown that most of the recent dis- 
coveries are from the deeper formations.: Dry wildcats that penetrated 


Manuscript received at the office of the Institute March 8, 1939. 
* District Geologist, Phillips Petroleum Co., El Dorado, Ark. 
1'W. B. Weeks: South Arkansas Stratigraphy with Emphasis on the Older Coastal 
Plain Beds. Bull. Amer. Assn. Petr. Geol. (Aug. 1938) 22, 953-983. 
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the Smackover limestone are indicated. Contours drawn on the lime- 
stone at 1000-ft. intervals show the regional dip. 

Two important wildcats drilling along the faulted area have found oil 
saturation in the limestone. The low permeability of the limestone at 
these two locations may result in failure to produce commercially. The 
two tests that are in process are those of the Shell Petroleum Co. and 
Ohio Oil Co., Warren No. 1, sec. 13, T. 168., R. 24 W., and Deep Rock 
Oil Co. et al., Wesson No. 1, sec. 23, T. 148., R. 19 W. The Shell well 
cut a fault showing a displacement of over 1000 ft. within the 
Comanche series. 


New FIevps 


Magnolia.—On March 29, 1938, the Kerlynn Oil Company’s Barnett 
No. 1, sec. 14, T. 17 8., R. 20 W., central Columbia County, was com- 
pleted for 350 bbl. per day of 38° gravity oil from the ‘“‘ Reynolds”’ dolite 
at 7646 ft. This was the first of three discovery wells for the year in this 
zone near the top of the Smackover limestone. The discovery well was 
completed with difficulty and produced a small percentage of salt water. 
Three wells drilled to the east and west and slightly north were dry, but 
by the end of the year five oil wells had been completed south of the 
discovery well and the field had produced a total of 130,470 bbl. of oil. 
The field was named for the town of Magnolia, 5 miles to the west. 

Wide-spacing of one well to 40 acres is the present program for this 
field. It is being developed in a slow, orderly manner. By Feb. 1, 1939, 
there were eight oil wells and five drilling wells. It is expected that most 
of the acreage will be drilled during 1939 with an ultimate 40 to 50 oil 
wells. Present field allowable is 3000 bbl. per day. With only 260 
proven acres for production at the end of the year, it is believed that the 
field will cover more area. This “structure” was located with 
a seismograph. 

Village.—On May 26, 1938, the Standard Oil Company of Louisiana 
brought in its Phillips No. 1, sec. 15, T. 178., R. 19 W., Columbia County, 
for 270 bbl. of 40° gravity oil per day on 34¢-in. tubing choke from the 
“Reynolds” odlite at 7420 ft. There were three more wells completed 
by the end of the year and 60,385 bbl. of oil.had been produced. The 
highest well topped the porosity only 55 ft. above the water level, 7125 ft. 
subsea. The vertical column of oil is between 20 and 25 ft. and the 
porosity is much more erratic than at Magnolia. Consequently three 
of the wells have high gas-oil ratios, owing to the difficulty of completing 
the wells. Only 160 acres are proven for production at present and the 
field is expected to extend over only a small area with relatively poor 
recovery per acre. This field received its name from the near-by com- 
munity of Village. The anticlinal structure was originally determined 
with seismograph instruments. 
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Falcon.—The third new field for 1938 was 2 miles southeast of the. 
small community of Falcon, in Nevada County, where the Texas- 
Canadian Oil Corporation completed its No. 1 Stocks, in sec. 9, T. 15S., 
R. 22 W. on Sept. 18, pumping approximately 15 bbl. of oil and over 
60 per cent salt water per day. This production of 14° gravity oil was 


TaBLE 1.—Oil and Gas Production in South Arkansas in 1938 
re a a ee dS er 


seu, | pout o1 pete, | ERLE ae 
Proved Total Oil Production, Production, Number of Oil Method 
, Bbl. Millions | and/or Gas Wells | Methods 
Acres C at End of 
u. Ft. 
1938 
co 
3 2 Dur- At End | Number 
Field, County “3 B ian of 1938 | of Wells 
z 3 
=| q 
con To End of | During | % a 2 |% 
3 = 1938 NEES |) Ses eS 5 ls eS 
g 8 3s |S] B/3/8 so |b A 
“2 PH 3 o| » | 8 /3/8| 2 3] 2! S 
is 4 < g =| Ses sea & 
r & @ o | 2 | 81 8igi 2 isl és 
a < o B}|al]o |/ola| & iis] 4 
1| Atlanta, Columbia............ 0.1 404) 0 1,970 1,970 0 0 LY Lo a) Ol 1 0 
2| Bradley, Lafayette............ 14 80 0 186,705 0 0 0 6} 0] 0 0} 0} O 0 
3} Buckner, Columbiaand Lafayette) 1 4404) 0 362,390) 340,900 0 0 9| 8) 0 9; 0} 7 2 
4| Camden, Ouachita............| 4 10 0 36,830 910 0 0 1} 0} 0 1; 0} O } 
5| Champagnolle, Union.........]12 | 2,000z] | 13,613,385] 454,065 x 2) 208i. 6) Li oil Ble 70) 
6| East El Dorado, Union!....... 17 1,4202| 2x} 9,122,545) 146,280 x 0} 187; 0} 4; 59) 3} O} 59 
7| El Dorado, Union........... 19 8,00C6z| x} 47,001,210} 524,230 £ 0/1,115} 0] 8} 206] O| O| 206 
8] Falcon, Nevada...............| 0.8 204} 0 136 136 0 0 2} 2) 0 2) 0} O 2 
9| Garland City, Miller?......... 7 300 0} 1,742,010} 135,995 0 0} 28] 0} O} 19) 0} O| 19 
AY | Arma Nevada. ccs. yaa os 18 900z| zx} 6,441,660} 235,235 Fi | 150} 2) 6] 64) 0} O| 64 
P| disbony Umione seco. es 13 2,700z| 2x| 6,537,545 98,080 x 0} 356] 0] 0} 144) 0} 0} 144 
12] Magnolia, Columbia.......... 0.8} 2604) 0 130,470] 130,470 x x 6} 6] 0 6) 0} 6 0 
13] Mt. Holly, Ouachita.......... 10 60 0 117,085 0 0 0 6} 0) 0 0) 0} O 0 
14] Rodessa, Miller’........... ..| 1.5} 1,9004/200} 38,671,185] 2,436,140/14,399|12,673) 109] 49) 1] 97] 5} 32) 708 
15) Schuler, Unions. oc... ate ss 1.8] 4,2504| 0} 7,477,675] 6,267,845 y y| 131/109} 0} 181] 0]119) 12 
16 Morgan Sands........... 1.8} 350 0| 1,495,895} 653,640 y a LA) Ol Ol TAO} OL” 11 
17 Jones Sand... . ...{ 1.3] 3,000 0) 5,531,320) 5,197,775 y y| 110/101) 0} 110) 0)109 1 
18 Reynolds Ooliti 1.2} 900 0 450,460) 416,430 y y| 10} 8] 0} 10} 0} 10 0 
19| Smackover, Ouachita and Union|17_ |25,760 2|372,245,125} 6,543,205 x 2|3,736} 4/39/1,746) 0} 0|1,746 
20 Heavy Oil Area.......... 17 |16,000z) 2x|318,849,935| 5,782,285 x x y| 4)/36/1,199] 0} 0/1,199 
Pay Light Oil Area........... 17 9,600z; «| 53,262,810) 724,340 2 Fos y| 0} 3} 543] 0} O} 543 
22 . Snow Hill Area.......... 3 160 0 132,480 36,580 y 0 6} 0) 0 4) 0} O 4 
23| Stephens, Columbia, Nevada and , 
Ouachiinn eee wee. 17 | 3,000c| zx} 6,163,195) 201,795 x 0] 306; 2] 0) 190] 0} 0} 190 
DAN Troy, News... 0.203 see. .ss 3 290 0 722,475} 486,915 y y\ 18) 2) 0) 17] OF} O} 17 
25) Urbana, Union...............| 9 500z| zx} 4,538,935) 433,205 x 0} 48) 3) 0} 34) 0} O| 34 
26] Village, Columbia............- 0.6! 1604) O 69,385 69,385 y y 4) 4) 0 4; 0) 4 0 
TRG} ET AS Steecigan 6 oan oes 52,250a|200)480,181,916}18,456,761 MaAeD 59/2,806) 9/175)2,636 


@ Footnotes to column heads and explanation of symbols are given on page 240. 

1 Including other small producing areas. _ 

2 Includes the single Glen Rose producer in sec. 24, T. 15 S., R. 26 W. 

3 Information largely furnished by L. D. Bartell, Dallas, Texas. ‘ f ‘ , 

4 Areas of the Atlanta, Buckner, Falcon, Magnolia and Village fields are still undefined. Only slight extension of area is 
expected at Rodessa and Schuler. ; 4 : 

5 Champagnolle, Hast El Dorado, El Dorado, Irma, Libson and Smackover produced large quantities of gas in earlier 
years, some of which was used commercially. Stephens produced some gas from the Nacatoch and Urbana from the 2700-ft. 
sand. The gas at Snow Hill was quickly dissipated. The Jones sand and Reynolds éolite at Schuler have gas reserves, but 
gas is not being produced commercially at present although 800,000 M cu. ft. was taken from the Reynolds Golite in 1937, 
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obtained from perforations in the Nacatoch sand after the well had been 
plugged back from the top of the Travis Peak formation, where it was 
dry. Only one more well was completed by the end of the year and the 
total production amounted to only 136 bbl. of oil. Little more develop- 
ment is expected in this field, which is located on a faulted structure that 
had been partly determined by former drilling. 

Atlanta.—On Dec. 16, 1938, Tidewater Associated Oil Corporation 
and Seaboard Oil Corporation completed Beene No. 1, sec. 15, T. 18 S., 
R. 19 W., Columbia County, for 200 bbl. of 44° gravity oil per day 
through }-in. tubing choke. This production is from the “ Reynolds” 
dolite at 8312 ft. and was the third Smackover limestone field for the 
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P sd Bfa ey hh appteetas . ; iD t Zone Tested 
regs tt | foprx Produsing Formation Beebe 
during 1938 
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Races: z 
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3 se |st > i 5, | 
5 1937 | 1938 | Weighted ge-las | = tet) gp % 
Z\ 3 Average | 33a cs 2| 2/3 Es 2 4 
Fl ee SE =O a & le 3) || | a 
| 4 | ane) CaS) 61m bem) a | a 
163,844 z 3,844) 42.7 Smackover ls.|L Mes? | 8,227} 8,202| O 17. 6 25) A | Smackover ls. 8,332 
2 | x x} 27 Buckrange ss. | CreU 2,790 | 2,785; S |Por| 5) A | Paluxy 3,555 
3'e3,200.e8,200 '¢2,965, 32 | Smackover ls.| L Mes? | 7,260 7,200; O tts 60} A | Smackover Is. \7,444 
| a | | 
4 y) y Ue le | Nacatoch ss. CreU 1,369 | 1,356} § |Por| 13) Travis Peak 2,500 
5 y y y, 36 | Tokio ss., CreU, { 2,800- 2,780-| S |Por| 15) NL | Rock salt 6,911 
Travis Peak | { CreL 3,350 | 3,340 | | | 
6 y y y| 20 Nacatoch ss. |CreU | 2,180 | ited | § |Por| 10) TL | Cotton Valley 6,003 
yl 
7 y y yl} 82 Nacatoch ss. | CreU 2,177 peel S | Por 20ANL Travis Peak 3,396 
9 
8 y) z yi «14 Nacatoch ss. | CreU 1,215 | 1,203; §S |Por| 20) AF | Travis Peak (3,654 
9 y y y) 30 Paluxy, Ro-|CreL | { 2,935- 2,925-- S | Por; 10; ML | Smockover ls. |7,310 
om Mem- 4,215 | 4,200 
r | 
10) y y y) 14 Nacatoch ss. | CreU 1,179 | 1,150; S |Por| 15) AF | Travis Peak 3,735 
11) y y yi «85 Nacatoch ss. | CreU 2,120 | 2,100; S |Por| 20) ML| Travis Peak (3,509 
12'¢3,555) z (e3,200} 38.4 | Smackoverls.|L Mes? | 7,600 | 7,350, Q- |16.1) 100) A | Smackover ls. |7,789 
13 y x zi 30 Travis Peak | CreL 2,813 | 2,800| S |Por| 7ML?) Travis Peak (3,378 
14) 2,350) 1,650 e650) 42.2 Rodessa CreL 6,100 | 6,050 LS&O 5to! 25) AF |Lower Glen (6,514 
| Member 30 Rose ) 
15 82 L Mes? 88 A | Smackover Is. |8,328 
16 y y yy «41 Cotton Valley)L Mes? } 5,885 5,600! S 15.0) 20) A 
17 3,520 .¢3,450 |e2,750 32 Cotton Valley|L Mes? | 7,610 | 7,530 817.6) 43) A 
18 ¢3,545/e3,545 + 3,405) 36.8 Smackover ls.|L Mes? | 7,635 | 7,600; O (14.3) 26) A 
19) y ] yi 2 100, AF 7,973 
Nacatoch ss. 2,025-| 2,000-; 
20) oy y y 21 Graves ss. | CreU 2,475-| 2,450-- § (Por) 40) Af | Rocksalt 7,255 
Tokio ss. 2,610 | 2,600 
21) y y y| 25 Nacatoch ss., | CreU perk 2,000-| S |Por| 380) ALf | Igneous rock |7,973 
Meekin ss. 2,300 | 2,275 
22 y y y| 85 |Smackover Is.|L Mes? | 4,960 | 4,800} O (25 30| AF | Rock salt 5,708 
23 y y y| 28 Nacatoch ss., | CreU 1,510-| 1,500- S |Por| 15|NLF) Cotton Valley 4,502 
Buckrange ss. 2,110 | 2,100 | 
24 y y y 14 Nacatoch ss., 1,250-|  1,243- 
| 21 Tokio ss. CreU 2,167 | 2,160} S |Por| 10) F | Rock salt 6,143 
25 y y yi 20 Nacatoch ss., | f CreU, | § 2,280-| 2,270-| § |Por| 10} A | Cotton Valley |4,501 
Travis Peak | | CreL 3,560 | 3,550 
26 €3,350 z ¢3,320) 40.8 |Smackoverls.|L Mes?! 7,450; 7,390) O (|14 50, A | Smackover Is. 7,603 
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year. The anticlinal structure was worked out by seismograph. The 
field received its name from a small town 3 miles to the south. A maxi- 
mum of 25 ft. of oil-saturated odlite was penetrated. The well has been 
shut in for lack of pipe-line outlet since completion. No estimate can be 
made as to the areal extent of the pool. It is expected that operators 


TABLE 2.—Summary of Drilling Operations in South Arkansas in 1938 


Important Wildcats Drilled in 1938 


Location 
Total Surface | Deepest Horizon 
County es A Formation Tested 
Sec. Twp. Rge £ 

He PBradleyary. ac seca vee dsanacwascmccree ae 9 168 11 W 5,143 | Quaternary | Smackover Is. 

eH Oolambia te. 4. ac sn aly ae met Ae ciation oltre 188 19 W 8,332 | Claiborne Smackover ls. 

SL COlumbIa se ciate gaye soe tie em siess 14 178 20 W | 7,740 | Claiborne | Smackover ls. 

4| Columbia.......... 15 178 19 W 7,603 | Claiborne Smackover Is. 

SypDeshar:..s% Sect az 34 88 3 W 4,915 | Quaternary | Igneous rock 

6 | Hempstead..... 1 118 25 W 2,290 | Saratoga Eagle Mills 

7 | Hempstead... ; 5 128 26 W 3,511 | Nacatoch Eagle Mills 

8 | Nevada.......... 9 158 22 W 3,654 | Claiborne Travis Peak 

9 2 18 13 W 4,080 | Wilcox Paleozoic 
10 5 188 14 W 6,905 | Claiborne Smackover ls. 
11 8 188 12 W 6,511 | Claiborne Smackover Is. 
12 12 178 14 W 3,184 | Claiborne Travis Peak 
13 18 188 17 W 8,328 | Claiborne Smackover |s.- 


Important Wildcats Drilled in 1938 


Initial Production Pressure, Lb. 
per Day Choke or per Sq. In. 
. ———__—_—_——_| Bean, |—————_———_ 
Drilled by Oil Gis Mractions Remarks 
U.S. | Millions | of an Inch] Casing | Tubing 
Bbl. | Cu. Ft. 
1| Phillips Petr. Co. Dry hole 
2 | Tide Water Assoc. Oil Corp. and} 200 1g 1,900 1,610 | Discovery, Atlanta pool. Deep- 
Seaboard Oil Corp. est well in Arkansas 
8 | Kerlyn Oil Co. 500 38 1,025 1,325 | Discovery, Magnolia pool 
4 | Standard Oil Co. 270 346 2,700 1,900 | Discovery, Village pool 
5 | Columbian Fuel Corp. Dry hole 
6 | Davidson & Todd Dry hole 
7| H. D. Easton et al. Dry hole , 
8 | Texas-Canadian Oil Corp. 15 pump Nacatoch sand discovery, Falcon 
: poo 
9| A. L. Kitselman Dry hole 
10 | Fohs Oil Co. Dry hole 
11] Modisett. Drilling Co. Dry hole y 
12} J. R. Lockhart 1.5 open Slight extension Rainbow pool 
13 | Phillips Petr. Co. 282 1264 600 1,390 | Deepest well at Schuler, second 
| deepest in Arkansas 


we eR ee ———_————————————E————— 
In Proven Fields | Wildcats 


Number of wells drilling Dec, 31, 19388. ............2 2s seee sees eset enone 38 16 
Number of oil wells completed during 1938..............-.00sseeeeser eee 195 4 
Number of gas wells completed during 1938...............+0.eesseeeeeee 1 0 
Number of dry holes completed during 1938..............--0+.eeeeeeeeee 18 25 
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will be slow to develop such deep production in the face of the current 
lack of demand for the oil. 


EXTENSIONS AND DEVELOPMENTS 


Champagnolle (Rainbow).—In the later part of July 1938, J. R. Lock- 
hart completed Raulston No. 1, sec. 12, T. 17 S., R. 14 W., along the 
southeast edge of the old Rainbow City pool, for a small gas well. Pro- 
duction was from a fine, silty sand at the top of the zone of lenticular 
sands of the Travis Peak formation that are productive in that field. 
Five dry holes and seven oil wells were drilled in this vicinity during the 
remainder of the year. These wells have small initial production and 
quickly settle to a pumping stage. The extension proved negligible 
and little further development is expected. 

Schuler—The Schuler field led in drilling development for this area 
during 1938 with 101 oil wells completed in the “Jones” sand and 8 in 
the ‘‘Reynolds”’ odlite. With 3000 acres proven for the ‘‘Jones” sand, 
this reservoir is expected to extend over 3500 acres ultimately. The 
drilling development was practically completed by the end of 1938 with 
10 or 20 wells yet to be drilled. The reservoir pressure has dropped 
rapidly, especially in the eastern part of the field, where the sand is less 
permeable. It is probable that there is no very effective water drive 
and that the gas cap is enlarging as the oilis withdrawn. Various efforts 
of the operators to agree on plans for pressure maintenance have failed 
and there is now little chance for any such program. 

Other Fields.—Although 49 wells were drilled in Rodessa, Miller 
County, during 1938, the productive area was not extended apprecia- 
tively. Reservoir pressure has dropped to 650 lb. and most of the wells 
are on some sort of mechanical lift. Very little more development is 
expected. The Buckner field, Columbia County, was being developed 
slowly on a 40-acre spacing pattern with only eight wells completed 
during 1938. Because of curtailed production, the reservoir pressure 
has dropped very little. 

There was little drilling development in other old fields. Two small 
pumpers were completed from the Buckrange sand on the northwest 
edge of the Stephens field, Columbia and Nevada Counties. In Nevada 
County the Irma field had two Nacatoch sand pumpers while the near-by 
Troy field had two pumpers from the Tokio sand. Three small pumpers 
were completed from the Nacatoch sand on the south side of the Urbana 
field, Union County. Three Meekin sand pumpers were completed on 
the Norphlet side of the Smackover field, Union County. There is a 
general belief that much of the water trouble in this field may be due to 
casing leaks and original faulty completion. It is expected that the 
higher part of the reservoir may be generally redrilled in order to recover 


— 
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much oil that was trapped by water-coning under former flush produc- 
tion methods. 


WELL SPACING 


There has been a noticeable trend toward wider well spacing in the 
recent deeper drilling of this area. The initial step was the development 
of the “Jones” sand in the Schuler field with one well for 20 acres. With 
the high drilling costs and current low prices of oil, this 20-acre spacing 
has turned out to be uneconomically close. Development around subse- 
quent deep discoveries has been started on the basis of one well 
to 40 acres. Deeper drilling may make programs of even wider 
spacing necessary. 


CONSERVATION 


Flush production from the deeper fields has been prorated since the 
beginning of 1938. The Arkansas Board of Conservation has set up an 
organization to collect various reservoir and production data from these 
fields. Production is allocated to wells on the basis of acreage repre- 
sented, bottom-hole pressures and gas-oil ratios. At present the State 
Legislature is deliberating over measures that have been proposed to 
give the Conservation body powers that will enable them to control 
better the conservation of the reservoir energy in the fields and further 
protect the various rights of the State, property owners, and operators. 
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Developments in the California Oil Industry during 1938 


By V. H. Wituetm,* Memeper A.I.M.E. 
(New York Meeting, February, 1939) 


In contrast with the previous year’s activity, the California oil indus- 
try for 1938 showed a decrease in drilling, market demand, and discovery 
of new oil reserves, although there was an increase in oil production. 
Although additions to reserves from new fields and extensions were less 
than withdrawals during the year, reappraisals of discoveries in 1937 
added to new discoveries during 1938 amounted to over 300,000,000 
bbl. The following comparative statement shows the important changes 
in various phases of the industry: 


1987 Cal Bake: 
Wells completedicns,; 2 tern ater Mice 1,156 987 168* 
Market: demand, bblvitns inate. cones 239,000,000 | 218,000,000 | 21,000,000* 
New-oil reserves;-bbli.t) 2.25% 25.22 400,000,000 | 180,000,000 | 220,000,000* 


Oiljproduction, bblasae eee ee 238,000,000 | 249,000,000 11,000,000 


Throughout the year the storage situation became progressively 
- more acute, owing principally to less Pacific foreign demand, and increased 
potential from drilling the newly discovered fields and pools (Fig. 1). 
California storage increased approximately 32,000,000 bbl. during 1938, 
most of which (approximately 18,000,000 bbl.) was heavy crude and 
residuum. The market demand for the year was around 600,000 bbl. 
per day. 

Because of the trend toward Diesel power for heavy transportation, 
the non-gasoline-bearing crudes are fast becoming a drug on the market. 

New discoveries were instrumental in increasing the potential produc- 
tion of the state from 1,076,000 bbl. per day in January to an all-time 
high of 1,420,000 bbl. per day at the close of the year; although the 
indicated reserves of these new discoveries were not equal to the yearly 
withdrawal of 249,000,000 bbl. As of the end of 1938, the state was 
voluntarily curtailed about 58 per cent. 

As a result of prospecting during the year, six new fields were dis- 
covered, three fields were extended, and deeper zones were reached in 
five of the older fields. 


Manuscript received at the office of the Institute Feb. 7; tables, March 25, 1939. 
* Chief Petroleum Engineer, The Texas Company, Los Angeles, California. 
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San JOAQUIN VALLEY 


The San Joaquin Valley contributed four new fields 


Coles Levee and Wasco, 


, two of which, 


were the result of applied geophysics. 


East Coalinga.—The 
east-plunging nose of the East Coalinga anticline by the Petroleum Securi- 


ties Oil Co. in its Gatchell: No. 2 well 
the rate of 5184 bbl. per day of 32° 


Avenal (Eocene) was discovered on the south- 


, which was completed flowing at 
gravity oil from a depth of 6892 ft. 


ery permeable sand. Later develop- 
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ments in the area indicated a maximum thickness of 500 ft. of sand. 


Shore-line deposits flanking the East Coalinga anticline are the reservoir 


beds for this accumulation and do not extend under the old proven 


Although the gas-oil ratio averages but 650 cu. ft. per barrel of 
oil, the wells in this new field are capable of flowing at very high rates 


area. 


While it is difficult to predict the ultimate 


productive area of a shore-line field, present development indicates that 


this is by far the most important discovery of the year. 


under hydrostatic pressure. 


Coles Levee.—This field, about 314 miles southeast of Elk Hills in 
sec. 10-31-25, was discovered by the Ohio Oil Co. when it completed 
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TaBLE 1.—Oil and Gas Production in California 


Area . . 
Proved, Total Oil Production, Bbl. 
Acres 
Age, 
Field, County to End 
o! 

§ 1938 Oil _ | To End of 1938 | During 1938 
| 

2 
Zz 

ES 
5 

Los Angeles Basin: 

1 Alamitog: Live Angeles ivan tenets tank ot ae aie ahs ate otter emt ore 11% 110 22,714,562 601,278 

2 Athons, Rosecrans, L008 Angeles: .:0ic «0. avie cap idee ete eian 1434 295 36,090,185 3,731,105 

3 Brea Olinda: Orange w. cecetaaite sae coreen teceneee ncaa 58 1,259 161,774,425 2,100,038 

4 Coyote, East, Orange.............2..... Pi eS EO, 28 784 78,782,352 1,242,362 

5 Coyote, West, Orange.......... PRE alee Sarge ad eos .| 33 880 77,764,944 3,084,436 

6 Dominguez, Los Angeles icaj fcc). oie nos ona adie a caine Ae 15 810 106,987,665 9,740,197 

7 EliSezundowbos:Angeles<.. <. waseca.-& u dete cance tee eee are 700 7,689,505 3,877,508 

8 Huntington Beach, Orange... 052-2. .24-leas oteaes co tise 18 2,277 270,873,855 | 13,894,880 

9 Inglewood) Los Angeles ssc vated necalsiels cores ee i aes 14 860 111,840,682 5,335,612 
10 Lawndale: Loe Angees..2.B etc. siacd vie. Seana Oe ee 1014 15 537,191 26,026 
11 Tong Beach, Loe Angeles. 78 vcach cats whltterae tials of art ate ates 174 1,310 616,552,801 | 20,485,700 
12 Los: Angeles Dist., Los' Angeles. i. :.0.4-..5 vcs metas soe ge 36 400 65,481,883 179,976 
13 Montebello, foe Angeles. 4.0, cosets cts Aas raklaes oe Uothan & 22 1,240 107,764,046 4,174,076 
14: |i Playa-delRey,-L08 Angeles, three 1 tesch vein inte enue d 9 640 42,988,948 2,267,955 
15 Potrerd, Hos Angeles ccs aed eae a ot een t ota ah ek epee onan 11 110 2,485,928 224,985 
16 Richfield, Orange...st, case. Gre ee eaartes elk eas erties ate 20 1,202 85,949,499 3,134,623 
17 Banta, Fe Springs) Gas Angeles.) sca near aie tae aloes 19 1,035 447,582,305 | 12,614,157 
18 Seal'Beath;, Dos Angeleay,. 2 us. Soar ae oe ot ty oe oe aloded 1 18 372 59,505,178 2,596,214 
19 Torrance; Lae Angelés ? om. isc. Whee Scien ok dea te cae 17 4,060 90,787,832 5,158,751 
20 Whittier, Log Angeten; . oy. Ttk ay 2-1 ect Wearet te 9 Sele ae ee 37 540 17,701,541 344,166 
21 Wilmington, Los Ajijelesicic NW nad bualne sag oes cercp ane iat a 3 3,945 48,266,544 | 34,005,738 
22 Othersez ui Guawsee wees ie ee arch rereieta acne peteates 3,159,935 49,652 

Coastal | District: - 

23 Capitan, Santa Barbara......... Re Si PES CF Se 9 310 3,379,676 1,066,533 
24 Elwood, Santa Barbara.............. Pith eae cee biter ae 10 500 64,424,218 2,247,969 
25} Gato Ridge, ahha Darburdirkes Jn... vo tied ieee Ate sree eae 7 600 Ss 1,489,571 
26 \|\ Las Flores, Santa Barbara's. sas pase tc ee clean ae oot ae é 14 18,091 18,091 
27 Padre. Canyon, Ventura. ir acvia sel + afigplsbin ee sida sals tink 3 100 774,630 290,037 
28 Rincon, « Venburys cesaali yf tito are ah ies cub ok corte kale areas ll 495 9,728,309 1,394,126 
29 San Miguelito, Ventura............. 8 300 3,229,904 752,781 
30 Santa Barbara, Sta. Barbara.. He Oe et oe SO 102 3,095,465 |- 159,004 
31 | Santa Maria—Sta. Barbara and San Luis Obispo. . SSR ean A ones 144,315,303 | (5,952,320)2 
32 Cosinplia Sta “BOrodta Bs cuss cians cite cles SeerenOnica k on 21 1,010 81 91,803 
33 Cat’ Canyon: Std, Barvara = Wc coe ie ee eae re 27 865 8 118,509 
34 Santa Maria Valley, Sta. Barbara............... 3 6,000 S 3,287,737 
35 Lompoc, Sta. Barbara.............. 6 SAI ants ey oe 34 3,060 8 4, 
36 Oroutt Ala. Barbara... dacctelteas ec eners APR Ah sn 36 4,040 8 abi 709 
37 Bummoerland:Sta; Barbara: kiss celine Matar scl oes cae is 46 40 3,135,694 11,453 
38 Ventura Ave., Ventura. . Sica slenead Ry k RASS SAN ath eee 1,905 200,331,479 12,916,832 
39 | Ventura Ni ewhall-Ventura and Los ‘Angeles. OS ee A 59,754,100 1,908,218 
40!) “Bordadales Venluras ycvuirceta etree tation. Sot ol ts ca eee 44 140 (56,816) 
41 Conejo-Oxnard, Ventura. ic idstewcienhac eo cmt nes atten es | 44 200 
42 | Elsmere Canyon, Los Angelés.......... 0... .cccccee cesses 49 60 G60} 
43 | Ex-Mission, Ventura..................005. Here hace en tae 63 130 (11,904) 
44 Hopper Canyon, Venture emarns a ciete bead hs coakey oni 50 80 (37,234) 
45 BMG PORNO YS) Be tseoeet cs Vee Nee AOtg 9 outs Hid 40 60 (4/342) 
46 Newhall-Potrero; Los Angeles... .. 0.0... ccc cc cece ce ceueces 49 315 (241,501) 
47 Pied Canvon ossdngelen’ ja. ic: arch att svete eek ee 63 95 22,256) 
48 Sespe, Ventura. . He hy erat hid be Oh Sen 37 505 tee 158) 
49 | Shiells Canyon, Ventura... 2 27 350 (375,033) 
50 inhi; SV CULT ey claret a nis Caco nk Mee raa eet a | 26 
51 | Sisar-Silverthread, Ventura... 53 330 (tern 
52 | South Mountain, Ventura... 23 725 (826,568) 


1§ indicates that this is reported with Santa Maria. 


2 Figures in parentheses are not, added in totaling, 
group total only being used in the grand total. 


They cover small fields of which totals are included in groups, the 
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TaBLE 1.—(Continued) 
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ees Production, | Number of Oil and/or Gas | Oil-production Methods | Pressure, Lb, | Character of Oil 
illions Cu. Ft. Wells at End of 1938 per Sq. In.4 ye eis pees 
uring 
Aver- ; 
During 1938] At Bnd | Number of Wells ellipse Pte al 
: 3 
, | To End of | During | 4, ay 2 
e 1938 1938 Ze z = Thitial 
_ 
3 ~ & | Produc-| Flow- | Pu 
a ee 2 : ing Oil? ae an el 1938 | Weighted Average 
a < 
| Om PO bead 
1 43 1 41 1 26 
2 83,128 4,861 31 10 118 31 73 14 35 
3 53,786 1,717 299 280 19 23 
sl) eae) oe) 14 | BE ak Bl : 
6 174,516 19,166 16 3 207 42 125 | 40 27 
7 167 3,478 20 8 56 3 50 3 26 
8 278,236 14,636 9 20 570 2 563 5 23 
an eth 3,344 1 208 26 180 2 23 
, 6 6 29 
- 825,335 21,993 a2 44 1,261 0 1,259 2 25 
y y 109 109 15 
13 32,621 4,159 32 8 216 24 192 26 
Lis ae 2,179 1 13 197 1 196 24 
, 2 2 13 3 10 28 
16 77,158 2,605 18 4 285 281 4 21 
17 649,792 9,922 2 30 587 iT 560 | 26 32 
18 91,152 3,268 1 69 5 55 9 26 
a 63,734 3,629 129 6 650 25 625 0 22 
y y 148 148 24 
21 15,749 14,392 261 4 565 414 150 1 22 
22 64 64 
23 1,805 688 6 51 11 40 0 32 
24 56,537 3,430 76 3 58 15 36 
25 4 9 0 9 0 13 
26| with Cat 1 1 1 14 
Canyon 
27 | with Rincon 2 8 2 5 1 29 
28 10,752 2,058 10 50 12 34 4 27 
29 4,783 1,218 2 10 a 3 0 27 
30 y 2 35 35 19 
31 8,471 1,530 
32 1 2 2 9 
33 1 4 4 13 
34 75 123 61 62 0 16 
35 1 5 5 19 
36 2 12) 120 17 
37 0 8 8 15 
38 707,794 36,984 23 251 106 101 44 30 
39 
40 28 28 28 
41 1 1 12 
42 | 0 0 16 
43 23 23 24 
44 12 12 14 
45 13 13 15 
46 4 We 22 3 19 15 
47 32 32 38 
48 15 15 28 
49 oie ath 3 108 3 105 30 
t. 
50 56 56 38 
61 ; 67 67 18 
52 53,589 3,615 1 85 85 24 


> Footnotes to column heads and explanation of symbols are given on page 240, — 
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TaBLE 1.—(Continued) 


Producing Formation 


Deepest Zone Tested to 


End of 1938 
Depth, Average 
in Feet 
3 : 
Ha = 
5 Name Agee a Name S 
4 Bottoms |ToTop| & |. £8 *, as 
q of Pro- | of Pro- S (Bags B S 
= sae fie rs g @ ES 3 2 . 
g ae | elo ee eee a® 
1| Repetto-Puente Pli-Mio 5,797 4,635| SH 1,700} A | Miocene 9,054 
2 | Repetto-Puente Pli-Mio 7,718 4,035} SH 3,410} A Miocene 10,389 
3 | Repetto-Puente Pli-Mio 3,867 260} SH 3,000} MF | Miocene 201 
4 | Repetto-Puente Pli-Mio 4,100 2,450} SH 900} A | Miocene 9,084 
5 | Repetto Li 5,988 2,800; SH 2,100; A Miocene 8,144 
6 | Repetto-Puente Pli-Mio 7,247 3,800} SH 3,000 A | Miocene 10,435 
7 | Puente io 7,321 6,890 oe 50} A | Schist 009 
ong. 
8 | Repetto-Puente Pli-Mio 4,399 1,900 SH 800! MF | Middle Miocene 9,054 
9 | Pico-Repetto-Puente Pli-Mio 6,466 1,073) SH 690! A _ | Puente 6,508 
10 | Puente Mio 6,500 6,375| SH 125| ML | Puente 7,405 
11 | Pico-Repetto-Puente Pli-Mio 5,283 2,377, SH 2,030} A | Miocene 10,157 
12 | Repetto-Puente Pli-Mio 1,960 475| SH 1,600} A Miocene 5,0: 
13 | Repetto-Puente Pli-Mio 3,208 1,730} SH 900) A | Miocene 8,265 
14 | Repetto-Puente Pli-Mio 5,100 3,350 SH 1,290} A Miocene 7,048 
15 | Repetto Pli 5,692 ,640 SH 395| AF | Miocene 8,376 
16 | Repetto-Puente Pli-Mio 4,000 | 2,900) SH 500| A | Oligocene 10,496 
17 | Repetto-Puente Pli-Mio 5,197 3,470 SH 1,570} A Miocene 11,314 
18 | Repetto-Puente Pli-Mio 5,369 4,314) SH 1,980} A | Miocene 9,054 
19 | Repetto-Puente Pli-Mio 5,290 2,637, SH 150} A_ | Jurassic schist 6,597 
20 | Repetto Pli 3,701 200} SH 250| MF | Miocene 5,040 
21 | Repetto-Puente Pli-Mio 3,968 2,320) SH 2,000} AF | Schist 6,814 
22 
23 | Vaqueros-Sespe Monterey | Mio-Olig 2,736 1,150 350} A Sespe 4,071 
24 | Vaqueros-Sespe Mio-Olig 3,194 2,800 700} A Sespe 7,157 
25 | Monterey Mio 3,050 1,750 eh 800; A Vaqueros 6,510 
shale 
26 | Monterey Mio 6,440 5,567 oes 6,556 
shale 
27 | Repetto Pli 5,751 4,800 SH 270| AF 7,291 
28 | Repetto Pli 3,814 2,500 SH 650) A : 7,449 
29 | Repetto Pli 7,056 5,500} SH 775, AF | Pliocene 10,030 
2 Vaqueros Mio 2,053 1,965} SH 75| MF | Sespe 4,730 
Broken 
32 | Monterey Mio 1,695 1,200 a 350} A 3,900 
Broken 
33 | Sisquoc-Monterey Pli-Mio 3,008 2,000 } ae 220; AN | Miocene 7,199 
Broken 
34 | Monterey Mio 4,462 4,000 _ 210} MU | Franciscan 8,133 
35 | Monterey Mio 2,711 2,200; SH AF 4,310 
36 | Monterey Mio 3,161 1,100} SH A 5,815 
37 | Monterey and Vaqueros Mio 830 400} SH 45) A 5,041 
= Repetto Pli 9,088 3,450! SH 5,000; A 11,070 
888 500 
40 | Sespe-Kocene Olig-Eoc ye 5,833} SH 900; <A | Eocene 6,804 
50 
41 | Monterey and Vaqueros Mio 3,393 1,865} SH 600} MU 4,285 
42 | Pico Pli 1,242 240} SH 160} MU 2,117 
43 1,563 
44 | Modelo-Vaqueros Mio 1,745 1,500} SH 2,200 
45 | Modelo-Vaqueros Mio 2,050 180} SH 
. 1,566 1,290 1,488 
balloons! Mio |{ Giver | Otcol SH MU | Eocene 3,504 
47 | Modelo Mio 1,613 858 SH 400) AF 3,445 
48 | Sespe Olig 2,736 400 SH AF 3,595 
49 | Sespe Olig 1,910 602} SH 1,600} D Eocene 7,423 
50 | Meganos Koc 1,213 1,100} SH A 
51 | Sespe Olig 683 315| SH MF 3,934 
52 | Sespe Olig 8,385 2,200! SH 930 D_ |! Kocene 6,702 
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ee a 


Vv. H. WILHELM 


TaBLe 1.—(Continued) 


255 


Area 
Proved, Total Oil Production, Bbl. 
Acres 
Age, 
4 Years 
Field, County to End 
of 

s 1938 | Oil__/To End of 1938 | During 1938 
5 

a 
oO 

a 

a 

53 Sul bun MA eV One esos leletce sa pales ecisiaeavinie «ic! cdice dearer 11 40 (3,663) 
54 PROVO LIrOKAWCntUr a aioe! aiatelsc sts eyonitiae cei onc iaermieiee ncien 51 170 (10,760) 
55 Temescal, Ventura... o..5.ccsiccneos- 28 14 235 (270,748) 
56 Timber Canyon, Ventura............ 40 110 (9,518) 
OT Mresno-WiOn NG. eV CnUna puny. eb seme Aout CaCl conta. hells 20 50 (20,739) 
58 orey Canyon; iy CHtura. soescvslencl. sMmasiicte ne Wie nrreeten Caen 42 190 (49,835) 
59 Wiley, Towsley Canyon, Los Angeles..................00000: 51 28 (5,611) 
HOI KOM PEN OOUSLAL COUNTLCR ha 4yayn10 clan cea eveth e tilorenetiplace?a sie anctecicremnae 1,159,862 42,273 
61 ET SMOMLOORY Bay uSGie Hl GECO Mais esi) vginc-o ors-cvieterm » css oivsiee-.n sel? 52 80 (1,715) 
62 DAroat  SGRMIG CUTAN © a mei e ae estore ct suum serceLascmenne 44 60 (8,740) 
63 LafelnEes pole fom Or MOT elon 6. oes Oe asicen ce Ue eee nan aioe 28 200 (31,818) 
64 ENIGMA SOLUTE: CUESDO -A rein: Sele nono Site coos coda nds 9 60 0 
65 ALISO OAD YOM ee em ceva itty ark nt sfessibdaitcic he Sree Moibirerots 23,416 23,416 

San Joaquin Valley: 

66 INNA psa Sega an Sirti ec pet Onin See aom Re OO cen ay eamtrice 114 260 23,963 22,496 
67 Bega Ihc Tana ee ce ate nee ial Can cia ket eye 28 3,170 53,208,269 5,246,498 
68 North deep i Kents th ate eRe ciate astro eh are 8 (27,427,315) | (4,827,753) 
69 IN OF bias tial Many Let ia) sicere om ic ayers) crcimar ait eie>ait arsiwisietels Biers 27 (1,570) (4,610,369) ,437) 
70 South, Kern... .. © Ten OIC pe AEN eh yt COE GU aOO Oe aetoe 28 (1,600) (21,170,585) (427,398) 
71 (ONT rk: Bh ets oun Neo eer MRS AenS DOR APS eee nee 1% 800 879,058 847,410 
72 Conner ME ASt iM rea0 ...avaromgto nie cacy Sottey vcr ais, slaty ocsaeeare 38 } 14.767 215,409,265 1,720,698 
73 OAM Tg HOW ESb PT CRROD ie stecio ne cciewe Carn sien wielea Senatiae es 37 0 140,724,775 1,882,052 
74 WO ALU AMEN OCENG) PIESNOE eer cr. Stale sors caeeaie/ AoE w'evsaven tui Pad oce 1g 1,200 246,067 246,067 
75 Pid BONAR Gry eah het erase cen aioe eos eee oerien anim 7 1,250 5,638,071 1,090,764 
76 Nae sii 5 ese ets « Pen es te STOR eR ice eet 20 7,647 146,000,299 3,877,508 
77 BA ULGV ALG mC OPIS, «cramer sre raisons crete doses arate atohavtese bert tertccmmaleottais 11 1,710 17,922,116 3,029,811 
78 (elites i AN Mon, BRR ROG eo eS Sa DIGe er cnae Cae inane 2 1,600 1,694,784 1,163,723 
79 Kemp Bronte hentia. ha atrreccn cee ents Aciorice Renata 26 2,450 40,823,178 3,046,164 
80 Kern, River, Kern 38 10,432 273,348,753 931,607 
81 Ketienian, | Middl greK1ngS ave stie.. auteurs se eo nie einem eft ntienine 7 200 524,727 19,273 
82 Kettleman, North, Kings and Fresno. .......<.0..-00..eeeees 10 16,500 201,962,542 | 25,587,291 
83 MAGS tRELAS MACON TE totais ee tata recstarsh mee aise + sae ceiaeaaesno 29 2,450 47,459,989 1,274,649 
84 INE CIRGGEE IG Ka ANCITD Oh ok ok cont eta ov need ores Asta agepcte eiohotohe cota 41 1,565 88,353,692 1,264,193 
85 MiTcrP AYA ASICODA MR AGTIUS Arig ceetoiorstsvare cat u ve) aoetthe arene etchetauchegs Tele 37 37,900 857,695,348 | 22,864,748 
86 Motta View ccenie os ccsesch idee sicterepavdhreess caves SE cteeslais uaese 5 1,890 31,862,501 3,970,954 
87 UNIT TI PST alata Cera ae CURR Coe MRE Se RISE CP eT er ae eae 13 2,210 42,579,538 6,181,439 
88 PROTA OT PUSET IU Apemiat versie a,c ohapsiisnerara: vtatayer sparen vitice, ashes ay cata Sor Shar 12 690 2,429,715 618,471 
89 LORD LAO MACHU meen aniccum unis aitere chaos. aeitie Os Cop shaaiesenas 116 1,200 2,071,953 1,944,120 
90 AROUTC SNL OM Ta ITM A C1 oc ates. oars ise aieisis reve Denies eicte Rema cals 11 1,660 21,812,921 5,416,402 
91 Pal OUsRATC ACM. siarctcccasiescn.s ierelseeissnoraysttie eevee ole sie sie ev 24% 100 57,867 55,779 
92 PT GT GUC LL OUSN ICCD IMI PN ae tee Kreierat avin dha sre aeeGre Te aNia yi Smeets stele sasaeere Z 1,500 3,593,574 2,472,682 
93 AERP oe one. satnane an sore er Tao rO Cee oe 1 200 125,064 125,064 
94 Wihealar Ridpawinenn sritns were me. turcobrt ints acccszancts muacwara tees 17 285 3,578,865 113,056 
95 Moles Levies iennne ateter chr chica ues ctetinipariieese serae somes % x 10,347 10,347 
96 Riohiticldaw Gsherine-LCeMMae eee neice trele ois uccryaltvoraresce sali. arene oars V6 2 1,668 1,668 
(O77 Bt en Na aie See Nee ei arian c CICS CICIC Orr eaener eo eee 5,156,685,862 | 248,877,331 

~ | Gas Froups: Gas 

98 Bweusy Vista Lagkes Avery. tapetoes tvs ayes asshervem rece sue, axel years Sree alaps 4 1,000 

99 PB tbomwill ows Meer teeters wtaseate erevevensierclapa ere ein arn epee Sfose oittorane 11 1,560 

100 Tingley foAT Ti] Gtisa Mino sc oh so bo doo 0002 00ene) Mnonecas te 2 100 

101 MeD Gualdcls.w SGT VOGGUtIN, see uiciclsctesiaiae ciel alee 3 1,060 

102 Goleto (Moore Ranch), Sta. Barbara. .............00000 00s 9 400 

103 TORY USE US OLEIIO Ae oe croenieeer ta pnls Sere netteiin ative sy srarcistcteralaye 3 8,000 

104 CE TORU AC UD 5 deer ricices Gemeenee MOOS Cor cr CMEC Cae 4 1,080 

105 Sutter Buttes, Suffer. co... 1... cece eee eee eee eee e ees 2 100 

106 EDTA SHO GIP HOM UATU A or. teat ats <prcehels ive ym) sis eisere/alwarerate. See ale 3 350 

107 (Serathige GaN ech scpuey obansatus ddCoubeD anUaeEEUodaE coon 4 2,960 

108 IPGUTETO MUL MS OLATO Me te elere we eteniiercuat ele vovsiere aS eisis iors: eiere.cttle 1g 100 

LOOM Dobe Meee ice aot «oil escts <cslexeminveinia,s =e brace de lapecoe a eA ys = 
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TasLe 1.—(Continued) 


——————— 


Total Gas Production, | Number of Oil and/or Gas | Oil-production Methods | Pressure, Lb. Veeck say ete’ 
Millions Cu. Ft. Wells at End of 1938 per Sq. In.¢ eink 1938 
Aver- 
During 193 At End NT HeRroe Welle ageat| Gravity A.P.I. at 
turing 1938) oF 1938 bere ang hath: End 60° F. 
0 
,, | To End of | During — 
3 1938 1938 ae eth Initial 
bn o a 
E| $5 | 2 | & | Produc-| Flow- | Pump- | Gas ke 
z 3 s 3 ¢ ing Ode | vow ing Lift 1938 | Weighted Average 
i=] A 2 
3 RS a cia | ad 
53 1 k 16 
54 21 21 24 
55 1 12 12 24 
56 8 8 34 
57 12 12 22 
58 38 38 30 
59 15 15 28 
60 
61 1 2 2 42 
62 9 9 18 
63 13 13 14 
64 12 
65 u 1 1 22 
66 2 0 2 2 30 
7: 55 49 2 4 a 
68 
69 \ 168,439 41,579 21 8 4 4 0 
70 4 114 114 22 
71 12 15 15 3,600 36 
72 92 92 17 
73 1,136 20 593 593 16 
74 9 9 3,200 32 
75 2 88 88 18 
76 84,607 632 2 169 169 27 
77 18 173 14 159 20 
78 9,726 | ° 8,144 % 15 1 4 32 
79 399 399 13 
80 992 992 14 
81 13,547 628 0 3 3 50 
3,150 
82] 1,209,548 | 114,624 30 219 96 6 | 117 4,500 38 
83 with 5 270 270 24 
Belridge 
84 5 205 205 17 
85 337,809 14,479 33 2,555 2 2,553 18 
86 41,018 3,831 3 177 3 169 5 30 
87 18 249 249 15 
88 1 79 79 14 
89 901 901 23 24 24 39 
90 35 129 129 16 
91 0 2 2 23 
92 7,967 2,900 25 26 26 3,600 34 
93 2 3 3 39 
94 29 29 25 
95 ; 1 1 1 4,200 49.0 
96 1 1 1 3,600 44.5 
97 954 13,853 | 1,052 | 12,481 | 320 
Gas 
98 1,450 442 0 5 
99 9,588 2,703 0 30 1,260} 840 
100 0 1 
101 5,433 4,279 1 6 
102 14,000 0 4 
103 | - 4,861 3,624 6 19 
104 59 13 9 
105 2 2 
106 3,612 653 6 
107 1,044 328 24 
108 1 1 
109} 5,272,310 | 362,012 
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TaBLE 1.—(Continued) 


eee 


Producing Formation 


257 


Deepest Zone Tested to 


End of 1938 
Depth, Average 
in Feet 
a ; 
Fe] Name Ages gm Nana 3 
a Bottoms |To Top 4 me £5 5, ies] 
= of Pro- jof Pro-] 8 |B)-3&| § 3 
= eae gees & @)/A& : 4 
g ells one Bl BF B45 
4 oO late) 2 am 
53 | Monterey Mio 2,500 SH ML 
54 | Vaqueros Mio 1,995 500} SH 700; A 2,956 
55 | Modelo Mio 2,411 2,000; SH AF 4,584 
56 | Repetto-Monterey Pli-Mio 2,605 500} SH MF 3,300 
57 | Monterey Mio 1,744 844 SH ML 
58 | Vaqueros-Sespe Mio-Olig 1,363 600; SH AF 2,500 
2 Modelo io 808 600! SH AF 3,835 
61 | Purisima-Monterey Pli-Mio 1,604 1,379 SH ML 
62 | Monterey Mio 1,333 900) SH ML 
63 | Monterey Mio 1,340 800} SH 400; S$ 4,424 
64 | Monterey Mio 3,750 900 oi is A 
shale 
65 | Pico Pli 5,365 4,795 8 ML 5,392 
. Chanoc Pli 7,350 7,300] SH 50) MU | Granite 7,928 
68 | Temblor-Vaqueros Mio 8,323 1,917 SH 15] 980) A Eocene 9,492 
69 | Etchegoin-Temblor Pli 5,457 2,600} SH 150) A 
70 | Etchegoin-Temblor Pli 875 1,600} SH 570} A 
71 | Monterey-Stevens Mio 8,259 8,340; SH /16) 220) A 
72 | Etchegoin-Temblor Pli-Mio 2,091 1,860 SH 420) AUP 
73 | Etch-Sta. Margarita Pli-Mio 1,580 900} SH 420| MUP | Cretaceous 4,833 
74 | Tejon-Avenal Koc _ 6,893 6,400} SH 19} 400) MU | Cretaceous 8,108 
75 | Kern River and Temblor | Pli-Mio 2,503 2,000) SH 80 ae Granite 
M 
76 | Etchegoin Pli 3,119 3,450 SH 450) A Miocene 8,404 
77 | Etchegoin-Chanoc Pli 8,685 3,000) SH 900) AF | Sta. Margarita 6,879 
é { 7,996 7,800 \ { 80] NUF, : 
78 | Stevens-Vedder Mio 11,520 | 11,396/§ SH 40| AF | Lower Miocene 12,504 
79 | Etchegoin Pli 2,180 1,700) SH 300} MF | Sta. Margarita 2,650 
80 | Kern River Pli 838 400 SH 450) MU | Walker-Oligocene 4,852 
7,824 7,563 
81 | Temblor Mio SH apie wi Temblor 9,138 
: { 8,271 6,300 
82 | Temblor-Avenal Mio-Eoc | ( 10,846 | 10,600/}) SH 16] 300) A | Eocene 11,746 
83 | Etchegoin Pli 1,185 1,200; SH 80} AF | Vaqueros 7,858 
84 | Etchegoin Pli 1,431 1,100} SH 90} MU | Temblor 6,664 
85 | Etchegoin-Maricopa Pli-Mio 2,524 1,950) SH 100} MU _ | Temblor 9,735 
86 | Chanoc-Sta. Margarita Pli-Mio 5,236 5,140 SH 100} MF | Temblor 8,419 
87 | Vedder Mio 1,737 1,600} SH 90; MF | Granite 3,130 
88 | Etchegoin Pli 2,784 2,577| SH 113] MF | Oligocene 6,070 
89 | Vedder Mio 11,469 11,249 SH 25} 260; A Eocene 14,108 
90 | Temblor Mio 2,018 1,600 SH 100} -MF | Granite 3,763 
91 | Sta. Margarita Mio 4,438 4,300} SH 40; AM | Basalt 6,986 
92 | Stevens Mio 8,219 7,850| SH {|20| 614) A Miocene-Monterey 8,984 
93 | Rio Bravo ‘ Mio 13,175 | 13,096 15} 108} A | Eocene 5,004 
94 | Etch.-Sta. Margarita Pli-Mio 2,717 2,000} SH 1,000} A Miocene 9,272 
95 | Miocene-Stevens Mio 9,365 22) 135) MU? 
96 | Miocene-Stevens Mio 8,677 20) 195) MU? 
97 
98 | Etchegoin Pli 5,219 4,638 S A 7,957 
99 | Etchegoin Pli 2,750 2,500 8 20; D 4,946 
100 | Repetto Pli 4,862 3,880 § A 
101 | Eocene Eoc 5,216 5,178 8 A 5,298 
102 | Vaqueros Mio 4,493 4,193 SH 354) AF 6,912 
103 | Eocene (Ione) Koc 4,300 4,129 8 7,029 
104 | Etchegoin Pli 2,475 2,450 § 11,466 
105 | Chico Cre 5,852 5,725 SH 90} MI 6,900 
106 | Cretaceous Cre 4,885 3,920 8 30 7,000 
107 | Etchegoin Pli 2,275 2,235 8 25) A 5,698 
108 | Upper Cretaceous Cre 3,280 iS} 30 
109 
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its F-1 well from a depth of 8965 ft. for 885 bbl. per day of 44° gravity oil 
from 130 ft. of sand (net) in the Stevens (Monterey) formation. 

Richfield Western.—The Richfield Western field, about 3 miles north- 
west of the Ohio Oil Company’s Coles Levee (F-1) and 1 mile east of the 
proved area of Elk Hills, in sec. 32-30-25, was discovered by the Richfield 
Oil Corporation when it completed its Tupman Western No. 1 well from 
a depth of 8677 ft., flowing 3018 bbl. per day of 44° gravity oil together 
with 18,000,000 cu. ft. of gas from 195 ft. of sand of the Stevens (Monte- 
rey) formation, which is productive in Ten Section field, approximately 
4 miles northeast of this discovery. 

It is the consensus that the Coles Levee and the Richfield Western 
discoveries are on the same structural feature, which is supposed to be 
an overlap or shore-line deposit along the flank of Elk Hills. If this is 
true, a field having a large areal extent has been discovered. 

Wasco.—Continential Oil Co. discovered a new field in the Wasco 
district of Kern County when it brought in its K.C.L. No. 2-A, flowing 
2900 bbl. of clean, 39.9° gravity, oil and 720,000 cu. ft. of gas per day 
from 83 ft. of formation between 13,092 and 13,175 ft. The original 
depth of the well was 15,004 ft., which is the deepest drilled hole in the 
world. Production is coming from Miocene formations. The gas-oil 
ratio of the well is very low and because of the great depth the flowing 
and gas-lift stages undoubtedly will constitute the productive life of the 
well. At present, two producers and three dry holes have been drilled 
in the field. Its maximum proved limits is estimated at 250 acres. 
Wells will be spaced one to each 40 acres. The discovery of the field is 
a technical triumph, but possibly an economic failure. 


Taste 2.—Summary of Drilling Operations in California in 1938 


Important Wildcats Drilled in 1938 


Location 
Total 
Count; Deepest Horizon 
y ss eae Tested 
Sec. Twp. Ree. 

TOG ANZOLER Avie dagitu. so nor ea eo emanation rc roe 14 48 13W 7,788 | Miocene 

DiLsOS AMG LER Osatae scc1c tao eae capmens IMEI: Trach OR 48 14W 5,275 | Miocene 

SLE Gand seetnrira atari eicia Soke atch mine erareteerean Gane bier 18 208 15W 6,853 | Eocene (Avenal) 
A IMIS GEN 6 Mare de viata PU vd dette eee de OS aasioaie. et oe 20 298 26W | 11,520 | Miocene (Rio Bravo) 
DifpAanta Bronte wach cect ck meme an Rviei as ee 27 9N 33W 6,440 | Miocene 

IO ios ANGELS. cass, cas aU Bee erate akin Meo 2 28 12W 6,353 | Miocene 

PAE TORNO cco detent Mal eitte coatcatcie ate ttwratetetyecatyntbrtalts 31 185 13W | 12,386 | Eocene 

SUMPPOADG) ser miotth, site choo ebiaitaod oes Reem cas tes 14 218 15W 7,257 | Eocene 

O' hog ‘Angeles iso: cursus con ceva em RM bere 27 35 16W 5,365 | Pliocene 

ROTC QE IU AS seikrcvav aay ena tore en oneia svecel tah alanal peneseeMne ne tie cre eis 8 27 24 13,175 | Eocene 

POW Gb. Sis te fate L kaerite aie, eee RON Pee ae ete 10 31 25 9,365 | Miocene 

TU AIK: 0 ene aie Mien OOM Re xe es. CP RRBs | | ai 17 27 24 13,716 | Eocene 

LOW IRGRT heciycs sw depo niga tienda c cette tastes cea fa ae oe 7 27 24 13,129 | Eocene 

MCW IS ERM iron stearohs Uicgever eke cate ine es RA Oren am ont 1 29 25 13,650 | Eocene 

AB ios ANRCLOR cess anctasertisietis-s coe Moma nee Mee ee 30 48 12W | 10,157 | Miocene 

UG: Werte meses sivas sisted enn sg euttrne chntehis Aare naa te 32 30 25 Monterey (Miocene) 
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CoasTaL District 


Las Flores.—The Standard Oil Co. made a new discovery adjacent 
to the old Cat Canyon field through the completion of its Las Flores Land 
No. 1 well for an initial of 800 bbl. of 16° gravity oil from a depth of 
6404 ft., production coming from broken shale. The structure on which 
the well was drilled is a narrow asymmetric fold and it is entirely possible 
that the Cat Canyon field will be extended to this structure. The oil 
contains about 6 per cent sulphur and the well has been shut in since 
completion because there is no market for this type of crude. 

Ventura Avenue.—Continued drilling activity in the Ventura Avenue 
field has resulted in increasing the productive depth of this structure to 
below 11,000 ft., giving the field over 7000 ft. of Pliocene producing hori- 
zon, with added reserves of over 20,000,000 barrels. 


Los ANGELES BASIN 


Aliso Canyon.—In the San Fernando Valley, near the location of 
California’s first oil discovery in the year 1876, at Pico Canyon, the 
Tide Water Associated Oil Co. discovered the Aliso Canyon field. The 
prospect well, Porter No. 1, was drilled in sec. 27-3-16 and was completed 
flowing 850 bbl. of 23° gravity oil from a plugged depth of 5339 ft. The 
well was proposed to explore the Eocene sands of a well-defined anticline 
in the Monterey shale of Miocene age. It penetrated the flat-dipping 
Santa Susana fault of 1800 ft. and found production in 500 ft. of very 
porous sand in the Pico (Pliocene) formation. The extent or value of 
this discovery is as yet only a matter of conjecture. 


TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Tnitial Production Pressure, Lb. 
per Day Choke or per Sq. In. 
ci Bean, 
Peco) . Fractions Remarks 
ma 8. os a of an Inch Casing | Pubine 
1} Hildon Oil Co. 850 1,700 5664 1,700 170 | Discovery well, deep zone, Hildon area 
2] D. B. Oil Co. 750 250 3864 950 175 | Discovery well, deep zone, Harbor City 
area, Torrance : 

3 | Petr. Securities Co. 7,920 6,000 3864 1,375 1,100 | Discovery well, Coalinga Nose 

4 | Standard Oil Co. 14,852 8,000 | 1}4and1] 1,200 770 | Deep zone discovery, Greeley field 

5 | Standard Oil Co. 808 0 Pump 75 70 | Discovery well, Las Flores field 

6 | St. Helens Petr. Co. 990 7,134 48 1,350 600 | Discovery West Extension Montebello 

7| Pura Oil Co. Dry hole ; 

8 | Jacalitos Petr. Co. Dry hole Test of Jacalitos Dome 

9 | Tide Water Assn. 651 100 3264 405 120 | Discovery San Fernando field 
10 | Continental Oil Co. 2,900 720 open 800 625 | Discovery well, Wasco field 
11 | Ohio Oil Co. 885 5,600 234 825 325 | Discovery well, Coles Levee field 
12 | Standard Oil Co. Dry hole Dry hole, Wasco field 
13 | Standard Oil Co. 6,528 459 5664 610 520 | Second Producer, Wasco field 
14 | Superior Oil Co. Dry hole Deep test, Rio Bravo Oil Co. d 
15 | De Soto Oil Co. 350 400 2064 650 150 | Discovery, new deep zone, Signal Hill 
16 | Richfield Oil Corp. 3,018 18,000 3-144 1,000 1,000 | Discovery well, East Elk Hills field 


eee ee eee 
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EXTENSIONS OF FIELDS 


Montebello.—The St. Helens Petroleum Co., Ltd., discovered two 
new zones (fifth and sixth) in the lower Pliocene and upper Miocene in 
the west portion of the Montebello field. Its well, Monterey No. 20, 
was completed flowing 990 bbl. of 36° gravity oil from a depth of 6353 
ft. The Hathaway Oil Co. discovered a seventh zone in its Dore No. 1 
well at a depth of 7181 ft. Upon completion this well flowed 400 bbl. 
of 35° gravity oil. Dore No. 1 well extended the Montebello field to 
the southwest. At the end of the year 30 wells were producing the newly 
discovered zones. Correlations with the zones developed in the East 
Montebello Extension indicates the possibility that several deeper zones 
are present in the west end of the field. The structural feature on the 
west end of Montebello is a plunging, asymmetrical nose. Edge water 
lies very close to the axis of each zone. The axis of each deeper zone lies 
progressively farther to the south. New reserves added to the Monte- 
bello field are estimated at 12,000,000 barrels. 

Torrance.—The most active field in the state during 1938 was the 
Torrance, where development extended its areal limit to the south and 
southeast through the discovery of the Del Amo zone, which lies approxi- 
mately 1300 ft. below the Upper or Main zone (3500 to 3800 ft.). The 

principal areas of development have been designated Lomita and Harbor 

City. Both are of a town-lot nature and production decline has been 
so rapid that it is questionable whether many of the operators will obtain 
the return of their investment, especially in the Lomita area. Comple- 
tions have ranged between 100 and 600 bbl. per day and in numerous 
instances 600-bbl. wells have declined to 100 bbl. within two months. 
The producing horizon is an overlap on the Torrance uplift and the 
permeability of the sand, which averages 70 ft. in thickness, is very low. 
Like the early development of the upper measures, this new drilling is 
not expected to be very profitable. 

Wilmington.—The Long Beach portion of this field was opened for 
drilling during the early part of the year and 200 wells were drilled. 
Very favorable results were obtained from Terminal zone wells, producing 
from as much as 1000 ft. of sand. With spacing of one well to the acre 
in the shore-line area, the peak of production was 125,000 bbl. a day in 
March. Drilling activity in the field is expected to continue during 
1939, as there are as yet many undrilled locations. The Wilmington 
field is the only major oil field discovered in the Los Angeles Basin during 
the last eight years, and is considered to have reserves of approximately 
200,000,000 barrels. . 

Rosecrans.—Prospecting of Miocene formations in this field during 
1938 revealed the existence of an additional reserve of approximately 
20,000,000 bbl. Wells completed below the 7000-ft. level have had 
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initials ranging from 500 to 2500 bbl. of 30° gravity oil. Faulting is the 
controlling factor of this deeper accumulation. 

Signal Hill—A deep test of the Signal Hill field was drilled during 
1938 by the De Soto Oil Co. in the prolific Lovelady pool on the south 
flank of the structure. Initial production of the well was 250 bbl. of 
28° gravity oil, which is coming from a depth of between 9760 and 
10,157 ft. Considering its depth and small indicated potential, it is 
not a commercial well. The considerable sand thickness and unexpected 
gentle dips found in the Miocene at depth will probably be an incentive 
for further deep drilling during the coming year. 


SUMMARY 


Activity in the oil industry depends, to a great extent, on general 
business conditions in the country; also, drilling activity depends on the 
rate of new discoveries, as older fields tend to be fully drilled or are in a 
state of depletion where new drilling is uneconomical. During 1937, 
fully 40 per cent of the drilling was in new fields discovered in 1936. 
In 1938, over 60 per cent of the wells drilled were in fields and extensions 
discovered in 1936 and 1937. 

At the close of 1938, there was considerable anxiety in the industry 
regarding large additions to storage during the year. It is estimated 
that drilling activity during 1939 will be approximately 20 per cent less 
than in 1938, owing mainly to a scarcity of proved locations and tendency 
toward more conservative well spacing. 


TaBLE 3.—Activities in California Petroleum Industry 


Number Number Number | ,ierease or_| Wells, Daily Average, Bbl 

eee fet) cadena Peas 
Per Well Total 

1929! 1,256 314 910 1,437 1,307,496 
1930 918 254 755 17 775 584,521 
1931 329 238 246 AN I iN eSHIh 364,434 
1932 279 191 184 —25 852 156,823 
1933 596 163 248 +35 1,105 274,104 
1934 631 247 449 +81 1,190 534,508 
1935 986 347 710 +37 954 677,320 
1936 1,102 320 786 seal 471 370,227 
1937 1,643 313 1,156 +47 560 647,331 
1938 1,180 220 987 —14 1,215 1,200,000 


Oil and Gas Development in Colorado in 1938 
By C. E. Suornrett,* Memsper A.I.M.E. 


Tue outstanding development in Colorado in 1938 was the completion 
of the discovery well of the Wilson Creek structure in Rio Blanco County, 
on the western slope in the northwest corner of Colorado. Last year 
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Fig. 1,—STRUCTURE MAP AND STRATIGRAPHIC SECTION, WILSON CREEK DOME, RIo 
Buanco County, CoLorapo. 
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the Transactions (volume 127) carried an account of the discovery of 
oil in the Morrison sand in the Wilson Creek structure, in the joint test 
by The Texas Company and The California Company. This important 


Manuscript received at the office of the Institute April 24, 1939. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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discovery well (Fig. 1) was not completed until February 1938, although 
it had found oil saturation, as previously reported, in Morrison sand at 
6664 to 6704 ft., and on drill-stem test had produced at the rate of 62 bbl. 
of oil an hour. In January 1938, the well was drilled through the 
Sundance sand at 6824 to 6898 ft., where it encountered water. It was 
then plugged back to the Morrison where, on a 24-hr. open-flow test 
through 2!4-in. tubing, it produced 492 bbl. of 46° A.P.I. gravity, 
paraffin-base oil. During the remaining months of 1938, beginning with 
July, the Wilson Creek well produced 60,150 bbl. of oil, most of which 
was delivered by truck to The Texas Company’s refinery at Craig. 
Wilson Creek has had two previous tests, neither of which was drilled 
into the Sundance section. The first well, on SE. NW. SE. of sec. 
27-3 N-94 W, was drilled by the Richmond Petroleum Co., a subsidiary 
of the Standard Oil Company of California, and was abandoned at a 
depth of 4826 ft. It did not reach the Dakota. The second well, drilled 
by The Texas Production Co., on about the same location, was abandoned 
after encountering water in the Dakota sand at 5863 to 5913 ft. Both 
of these wells had minor showings of oil in Upper Cretaceous sands. 


TaBLE 1.—Ouzl and Gas Production in Colorado in 1938 


Oil-pro- 
Be Total Oil Produc- Ble elses Number of Oil and/or rai 
Acres” tion, Bbl. Millions Cu. Ft. Gas Wells at End of 
1938 
Dur-| at End | Number 
1933| of 1938 | of Wells 
Field, County 
3 D 
3 Oil | Gase To End | During | To End on aK 
5 ) of 1938 1938 of 1938 1933 | 22 pS a 
q z ZAl\y/S| wl] a 
3 Sco Bee [3] 2) 8 128 | to = 
a >e Bry [le] S| S| -2 |e 
3 o., Halsia|/ S| 8) é 
3 Be to} oF is) = Ay Ay fe Z 
1 | Berthoud, Larimer....... 9 510 50,342 4,200 5,747 583 6 1 1 3 
2 | Boulder, Boulder........ 36 400 639,062 7,023 55 1) 11 8 
3 | Florence, Fremont....... 77 | 9,000 13,465,658 62,843 1,203} 1) {105 106 
4 | Ft. Collins, Larimer...... 15 400 2,090,239 33,105 15 i 6 
5 | Garcia, Las Animas...... 12 640 31,353 543 16 1 6 
6 | Greasewood, Weld....... 8 200 448,328 8,691 8 1 1 
7 | Hamilton, Moffat........ 15 400 5,450,222} 118,966 23 12 12 
8 | Hiawatha, Moffat....... 11 3,180 159,418 | 13,153 10 9 1 
9 | Iles, Moffat............. 14 600 7,201,117} 818,822 39| 3 34 as ealge 
10 | Mancos Creek, Monte- 
MING ais ees oot eset si0.9 40 33 
11 | Model, Las Animas...... 10 4,380 6452 0 8 
12 | Rangely, Rio Blanco..... 19 320 448,645 26,084 52 5 6 
13 | Thornburg, Rio Blanco...| 14 350 1,569 (WKS 3 3 
14 | Tow Creek, Routt....... 14 200 1,591,450} 56,900 1% 15 5 
15 | Walden, Jackson........ 11 320 156,886 01 5 1 
16 | Wellington, Larimer.....| 14 | 1,000 4,702,847| 76,416 32 il ll 
17 | Price, Archuleta..... Poly 4 200 ae ote 4 ; 1] 9 i 10 
Wilson Creek, Moffat....| 1 160 ri F 
i Total Seta oa zi See 13,750 a pr ae 1,439,372 | 198,732 | 15,056] 1,546) 5) 4211 | 19 | 17 |185 


@ Footnotes to column heads and explanation of symbols are given on page 240. 
1 Wells produce large quantities CO2 gas with the oil—shut in. 
2 Tnert: contains 7.9 per cent helium. 
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Wilson Creek is a large circular dome along the Danforth Hills line 
of folding and has fully 1000 ft. of structural closure. The lowest closing 
contour embraces roughly 15,000 acres. 

The Hiawatha gas field entered the list of producing oil fields in 1938. 
The presence of oil in small quantities in lenticular sands in the Wasatch 
formation has been known for a number of years, but no effort to develop 
oil production was made until last October, when the Mountain Fuel 
Supply Co. worked over its No. 1 Kuykendall, NE. NE. SE. of sec. 
22-12 N.-100 W., and perforated casing with a Lane-Wells gun between 
2472 to 2483 ft. After a short swabbing test, the well was put to pump- 
ing, and over a 60-day period averaged 80 bbl. of oil a day. The oil is 
found in sandy shale and has an A.P.I. gravity of 47°. It has a high 
gasoline yield and will prove a valuable refining crude if it can be obtained 
in quantity. The No. 1 Kuykendall well was one of the early completions 
at Hiawatha and had an initial production of 37,000,000 cu. ft. of gas a 
day from a sand lens in the Wasatch formation at 1992 to 2025 ft. In 
1935, this well was deepened to 2812 ft. and in 1936 was plugged back 
to 2495 ft. where the 434-in. pipe was cemented and the well shut in. 


TaBLE 1.—(Continwed) 


mitre 
Pressure, Lb.| OV! : 3 Deepest Zone Tested 
per Sq. int | APPrOX. Producing Formation to End of 1938 
during 1938 
Average Nees Depth, Average 
at Wnd of 60° r in Feet 
7 Name Agee i é 2 gm Name Ss 
3 Weighted ee | BS ly 8] « S| 
g Average a3 So | BIB S 8 g 5 
zla| ee | SS EIB EE S 4 
2/4/8183 Si | 2S | S| 5 leal & Pe 
ala) S |S : a Be? (Ole las) @ ral 
1/600} 90 | 80 38.5 Hygiene CreU 2,940} 2,920} S |20 | 20 | A_ | Lakota (CreL) 4,031 
2 38.6 | Pierre CreU 2,000) H MF | Morrison (Jur) 3,497 
3 31 Pierre CreU 2,200) H TS | Fountain (Pen) 1,875 
4 34.8 Muddy-Dakota | CreU 4,560; 4,535) S |12 | 25 | A | Dakota (CreU) 4,995 
6| 12; 4] 4 Benton CreU 1,600) H D_ | Morrison (Jur) 1,392 
6 42 Muddy CreU 819 | 85} A | Morrison (Jur) 7,040 
7 41 { Dakota CreU 3,880} 3,860} S |18 \ 
Sundance Jur § |14§| 20 | D | Sundance (Jur) 4,490 
8 Wasatch Koc Sand | lenses | § | y xz | D | Mesa Verda (CreU) | 7,577 
9 37 Sundance Jur 3,315} 3,295) 8 | 9 | 20 | D | Sundance (Jur) 3,447 
10 40 Mancos CreU 375) S| y y | ML | Dakota (CreU) 1,280 
11) 12} Shut in Santa Rosa(?) | Tri 1,004 960} S |19 | 50 | D | Fountain (Pen) 2,010 
12 Mancos \ CreU 600) H A | Mississippian 7,173 
Dakota othe id 8 [15 | 35 Sundance (Jur) 3,095 
13)725} | 4 Sundance Jur { 3'050 2'3a8 } § }15 |500 | D | Sundance (Jur) 3,110 
14 35 Mancos CreU 2,600 | H A | Gneiss3 
15 50 Muddy-Dakota | CreU | 5,215/5,110 | § |14 | 90 | AF | Morrison (Jur) Pas8 
16 37.4 Muddy-Dakota | CreU | 4,500} 4.480 | S |12 | 20 | A | Sundance (Jur) 4,992 
17 40 Dakota CreU | 1,140/1,120 | S| y | y| A | Dakota (?) : 
4 46 Morrison Jur 6,704) 6,664 | § 40 | D | Sundance (Jur) 6,898 


—————— ee 
8 Oldest sedimentary formation tested Thaynes (Triassic). 
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One or two of the old gas wells at Hiawatha have produced small 
quantities of oil in gas-line drips, and in 1934, the Mountain Fuel Supply 
Co. completed its No: 4-B Florence Wilson, C. NE. NW. of sec. 23-12 
N.-100 W., for 20 bbl. of oil a day at 2345 ft. after plugging back from 
3797 feet. 

It now seems probable that a small oil field will eventually develop 
at Hiawatha, but enough wells have been drilled to prove that such a 
field would not be of major importance. Its greatest drawback, for a 
small field, is its distance from railroad and therefore from a satisfac- 
tory market. 

In eastern Colorado, only one important wildcat was drilled to com- 
pletion and it proved a disappointment after having had an encouraging 
showing of oil. This failure was an operation of the Gulf Oil Corpora- 
tion, No. 1 Union Pacific-Larsen on the C. SE. NW. of sec. 13-13 8.49 W., 
near Mount Pearl in Cheyenne County. This well was abandoned in 
pre-Cambrian schist at 6360 ft. after the showing of oil in Kansas City 
lime at 4808 to 4813 ft. had proved noncommercial. The following 
“‘tops’’ were determined in the laboratory of Petroleum Information, Inc.: 


Frnr Freer 
0- 100 Tertiary and windblown 2790 Top of Triassic 
sands 3210 Top of the Cedar Hills 
100— 960 Pierre shale 3275 Top of the Harper 
960-1550 Apishapa shale 3365 Top of the Cimarron 
1550-1630 Timpas lime 4220 Top of the Pennsylvanian 
1630-1640 Codell sand 4270 Top of the Shawnee 
1640-1800 Carlile shale 4610 Top of the Kansas City 
1800-1885 Greenhorn lime 4785 Top of the Marmaton 
1885-2020 Graneros shale 5265 Top of the Cherokee 
2020-2220 Dakota sand 5669 Top of the Morrow 
2220-2360 Purgatoire shale 5719 Top of the Mississippi 
2360-2380 Lytle (Lakota) 5923 Top of the Arbuckle 
2380 Top of the Morrison 6292 Top of Cambrian sand 
2690. Top of the Todilto 6360 Top of pre-Cambrian; total depth 
2750 Top of the Exter 4518 Elevation 


The test of the Divide Creek anticline in SW. SW. NW. of sec. 36-8 
S.-91 W., in Mesa County was one of the important operations still in 
progress at the end of the year, although shut down for the winter. 
This well, No. 1 David B. Miller, which has a surface elevation of 9395 ft., 
had reached a depth of 9410 ft. when operations were suspended on 
Dec. 3, 1938. It is on the side of a mountain at the head of Mosquito 
Creek, a tributary of West Divide Creek. The country is rough and 
heavily timbered. Before the construction of the road into the location, 
part of which has a grade of 17 per cent, access was by horseback or on 
foot only. During muddy weather, in the early spring especially, mate- 
rial is hauled in by caterpillar tractors. This is the second winter that 
operations have been suspended, as the well was started late in 1937. 
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The structure on which this test is located is a long anticlinal fold of 
about 1900 ft. of closure with 15,000 acres inside the closing contour. 
The length of the fold totals nearly 25 miles. Rocks of Wasatch (Ter- 
tiary) and Mesaverde (Cretaceous) age form the surface, the former 
occupying the highest topographic points and the flanks, while the latter 
are exposed for a considerable area along the crest. 

The well is at the head of a sharp valley about 800 to 1000 ft. below 
the Wasatch-Mesaverde contact. The Wasatch formation lies uncon- 
formably on the Mesaverde. It reached the base of the Mesaverde 
formation at 3980 ft. and at 9410 ft. is still in the underlying Mancos 
shale. No markers have been encountered since passing through a 
sandstone, possibly the equivalent of the Morapos, at 4935 to 4945 ft., 
and a considerably greater amount of Mancos shale has been penetrated 
than was anticipated. 

Steep dips, which increased to 41° and gradually decreased downward, 
were first encountered at 5400 ft. The dip for the last several hundred 
feet has been about 3°. Polished faces on fracture planes were taken 
out in cores at about 6600 ft. in shale. A great deal of the shale has 
contained siltstone layers and streaks up to a few inches in thickness, 
and many of these showed an odorless gas under high pressure when 
first brought out. 

Operations will be resumed in the spring as soon as the location is 
accessible. The test is being drilled jointly by the Continental Oil 
Co., The California Company and Amerada Petroleum Corporation. 
Electric power is used, which is supplied by Diesel motors and generators. 

The Morapos Petroleum Co., jointly with MacKinnie Oil & Drilling 
Co., is drilling an interesting test on Morapos structure in Moffat County, 
on the northwest side of the dome in an area believed to hold possibilities 
of obtaining oil production in the Sundance sand. Higher on the struc- 
ture, a well drilled by Continental Oil Co. was a failure in the Sundance 
but Ross L. Heaton, who is responsible for the original geological work 
on the structure, believes the site selected for the present drilling well 
is favorable for oil because the shales that are the source of oil in the 
Iles field thicken rapidly to the north and should have a satisfactory 
development in the neighborhood of the drill site. 

The present operation is known as No. 1 N. E. Coles and is located 
on the SW. SW. SE. of sec. 1-3 N.-92 W. The well was spudded on 
May 1, 1937, and at the end of 1938 had attained a depth of 3075 feet. 

Samples from this well have been examined in the laboratory of 
Petroleum Information, Inc., since the well began spudding. It had 
the top of the Frontier at 2468 ft., the top of the Dakota at 2870 ft., 
and top of the Morrison at 3017 ft. As the Morrison has an average 
thickness of 300 ft. in this part of Colorado, the Coles wells should have 
the top of the Sundance formation at about 3320 feet. 
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The Garcia anticline in southern Colorado was tested into the Foun- 
tain formation in 1938, with a well drilled by the Garcia Corporation on 
the McClung farm in the NE. NW. SE. of sec. 19-33 S.-61 W. This 
well was abandoned at 2500 ft. without developing any showings of oil 
or gas. . 

The crest of the Garcia structure has a general northeast-southwest 
trend, with its highest point in sec. 19-33 S.-61 W., and it plunges to 
the southwest. The actual closure of the structure will not exceed 150 ft., 
but this closure may be augmented by a large vertical dike of basalt, 
which cuts the fold a little northeast of its crest. Although this dike is 
the only one that has been traced continuously across the area, other 
dikes are known to exist and may be more continuous than is indicated 
by their exposed outcrops. The extensive dike system of this part of 
Colorado radiates out of the Spanish Peaks, 30 miles to the west. A few 
dikes, notably those near Trinidad, are younger than the Spanish Peaks 
system. They radiate out of the Raton Mesa and cut the dikes of the 
Spanish Peaks system. Other dikes of the Raton Mesa system in the 
vicinity of the Garcia anticline, cut beds of Upper Cretaceous shales, 
notably Pierre and Apishapa, out of which they have baked oil and which 
may now be found in vesicular cavities in the basalt. Both dike systems 
are younger than the Nussbaum formation, which is of late Eocene age. 

The Garcia anticline is partly developed and is productive of gas, 
with a high gasoline content, from wells completed in sandy phases of 
the Pierre and Apishapa shales. The wells have low initial capacities 
but are long-lived. One well, over 30 years old, supplies a near-by 
ranch house with fuel. The best wells are at points along the anticline 
where there is a flattening of the dip. Wells high on the structure near 
the crest are barren in the shales. The Dakota sands and the basal 
Morrison sand, the Exter, are water-bearing. 

The possibilities of obtaining oil in any part of the Garcia anticline 
are remote. The Dakota sand and other Cretaceous sands rise rapidly 
to the east and may be traced almost continuously around the area by 
their exposed outcrops. They are the source of water in drilled wells. 
Beds below the Cretaceous do not offer a favorable source for oil. 
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Oil and Gas Development in [linois in 1938 


By Aurrep H. Beti,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


THE upswing in oil production and drilling activity in Illinois that 
began in 1937 gained momentum in 1938 and promises to bring a new 
and higher peak in the state’s annual production in 1939. In 1938 the 
production totaled 23,929,000 bbl., as compared with 7,426,000 bbl. 
in 1937, more than a threefold increase. The number of producing oil 
wells in the new fields was 230 at the end of 1937 and it increased to 
2157 at the end of 1938. Daily production for the whole state increased 
from approximately 35,000 bbl. at the end of 1937 to approximately 
135,000 bbl. at the end of 1938, nearly a fourfold increase. 

Of a total of 2539 wells completed in 1938 in Illinois, 1984 produced 
oil, 26 produced gas and 529 were dry holes. Of the total, 377 are classi- 
fied as ‘‘wildcat’”’ wells, defined as wells drilled outside of proved territory 
and more than one mile from the nearest production. The remainder, 
2162 wells, were drilled in or near proved fields. | 

Of the 377 wildcat wells (Table 2) 32 were successful in discovering 
oil or gas in commercial quantities, either new fields or extensions of old 
fields. Four of these discovery wells were gas wells, which are not yet 
commercially productive owing to lack of pipe-line facilities. 

A special effort was made to ascertain the reasons for the locations 
of as many as possible of the wildcat wells and the results of this investiga- 
tion are set forth in the following table: 


Reason for Drilling Rt Acca Successful Per Cent 

GOOlORV es tens ores Oks Ce ce erraeie arte 30 9 30 
GROPBY SIGE UAE Re ionic Behe naatee Geran mec ate Oe tee ae 14 4 29 
Geology/andigeophysicsiau: vassaceutesico mene Ce tee 25 12 48 

otal SClentiliowvamrm ascetics Riastes Bre tn 69 25 36 
Geologic information available, but not favorable. ... 9 0 0 
Not based on geologic or geophysical information... .. 91 3 3 
Um OW a5) ncntesss uuctica cite sies. teat Ratna Gt cae ies 208 4 2 


Manuscript received at the office of the Institute April 10, 1939. Published with 
the permission of the Chief, Illinois State Geological Survey, Urbana, Til. 
* Geologist and Head of the Oil and Gas Division, Illinois State Geological Survey. 
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There is a striking contrast between the percentage of successes of 
the locations made with and without scientific aid; 36 per cent as against 
3 per cent. Although this preponderance in favor of the scientifically 
made locations would probably be reduced somewhat if complete data 
were available, there is little doubt that the great majority of the 208 
wildcat locations for which the data could not be obtained were made 
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Fig. 1.—O1mL AND GAS FIELDS IN ILLINOIS IN 1938. 


without benefit of either geologic or geophysical recommendations, 
probably, in many cases, to fulfill contracts. 
Economic DATA 


Exact data on value at the wells of the crude oil produced in Illinois 
in 1938 are not at hand. Posted prices were as follows: 


PRICE PER 
BARREL 
Old fields: 
JanuaryalSepuenhabetee( eae as vi) 115. te ae tle oe relejom $1.35 
September. (—Octonenl dreary ate sito doo eloes sane « ee AES 
Octohbertrs=Decemi ber lean isis 1 kek okt erie yc + ieee elon 1.05 
New fields: 
Aen? TEEMWIEN PD, oc 6 ogae 15 6.08 8 oSliinr Be Aeon nad cei ocr 1.35 
Maye2O-OCtO DOT.) cesta: Baler weaiid Weis bocce ashy Wyatt 6.2 1.25 
Octobersl—Decem bers lee take seis acceptance ilsenes™ eles 


On the basis of posted prices, the total value of the 1938 production was 
approximately $29,300,000. Dividing this by the number of barrels of 
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oil produced, it is calculated that the average price per barrel for the year 
was $1.22. However, it is reported that considerable quantities of oil 
in some fields were sold below the posted price, therefore it may be 
assumed that the total returns from the oil were less than the total 
mentioned above. 

No exact data are available as to drilling costs. A total of 4,766,047 
ft. of hole was drilled in the state in 1938. If an average cost for all 
drilling in the state is assumed to be $3 per foot, it is calculated that there 
was a total investment in drilling of $14,298,141. This includes both 
producing wells and dry holes. There were, of course, large additional 
investments in leasing, equipping and operating wells, in storage tanks, 
pipe lines, warehouses, ete., for which even an approximation is not 
possible at this time. 

The average depth of all wells drilled in the state in 1938 was 1870 ft. 
and the average initial daily production of the oil wells was 274 bbl. 
(For details see Tables 3 and 4.) 


Pipe LINES AND REFINERIES 


Although the new oil reserves of Illinois enjoy the advantage of close 
proximity to a large market for refined products, the disposal to refineries 
of the rapidly increasing amounts of crude oil produced has presented 
some problems. ‘These have been met in part by the construction of new 
pipe lines and substantial quantities of oil have been transported by rail 
and truck. 

There has been a considerable amount of ‘‘pipe-line proration”’; 
that is, curtailment of production by oil buyers, notably in the Centralia 
and Louden fields. There is no regulation of oil production in Illinois 
by any State authority. 

The new Central States pipe line (Texas Company subsidiary) extends 
from the Salem field to the Indian Refinery at Lawrenceville (Fig. 1). 
It was put in operation on Nov. 14, 1938. It furnishes sufficient oil to 
run the refinery, and the surplus oil is transported north through the old 
Texas-Empire branch pipe line, which joins the main line at Heyworth 
(south of Bloomington, McLean County). From there the oil goes north 
to the Texas Company’s refinery at Lockport, and other refineries in the 
Chicago district. 

The Magnolia Petroleum Co. transports oil from the Salem pool to 
East St. Louis via Sandoval, Vandalia and Wood River. 

Three small refineries were constructed at Centralia (capacity 2000 
bbl. per day each) and one at St. Elmo (capacity 3500 bbl.). 

The oils from the new Illinois fields range in gravity from 37° to 39° 
A.P.I., averaging approximately 38°. Sulphur content ranges from 
0.12 to 0.18 per cent. These oils are similar to Mid-Continent crudes 
in their general characteristics (Table 1). 
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EXPLORATION MrtHops 


The principal methods used in guiding exploration and development 
are subsurface geology and geophysics, largely the reflection seismograph. 
Nearly 100 petroleum geologists are now making investigations of Illinois 
geology. Use is made of driller’s logs, drilling-time logs, sample and 
core studies, electrical logs, and micropaleontology. Some of the oil 
companies are depending on electrical logs to make structural studies 
and correlations in fields because they are more quickly made than 
sample study logs. However, there appears to be no substitute for 
sample studies in attacking the regional problems of stratigraphy, 
sedimentation and structure. 

The extent of reflection seismograph surveys for 1938 in Illinois is 
indicated by the following figures: 


Numper or Seismocraps Parrins AcTIVE IN 


Date ILLINOIS 
January 1, 1938 11 
April 1, 1938 9 
July 1, 1988 7 
October 1, 1938 16 
January 1, 1939 11 


During the year approximately 196 townships (7056 square miles) were 
covered by seismograph surveys, mostly in the Illinois Basin. 

Other geophysical methods, notably gravimeters and magnetometers, 
are being used to a relatively small extent and a few companies are 
engaged in structure test drilling. 

The course of development during 1938 eg) the last eight months of 
1937 is illustrated in the bar chart showing production by months (Fig. 
2). Total lengths of the bars represent monthly production for the 
whole state. The bars are divided into old fields (stippled) and new 
fields (shaded): dark shading, limestone production, and light shading, 
sandstone production. 

The limestone production is almost all from the ‘‘McClosky sand,”’ 
which is a porous, odlitic zone in the Fredonia member of the Ste. Gen- 
evieve formation (Fig. 3). The McClosky production had its most 
rapid rise during the summer of 1937. The wells had large initial 
productions, but they also had rapid declines during the first few months. 
Average depth of the McClosky wells in the central part of the basin is 
approximately 3000 ft. (Table 1). 

Development in 1938 consisted largely of the development of the 
comparatively shallow sandstone fields in the western part of the Illinois 
Basin where production is obtained from depths varying from 1300 to 
1800 ft. The principal producing sands are the Cypress (called variously 
Carlyle, Stein, Weiler and Kirkwood) and the Benoist (Bethel formation) 
called Tracy in Lawrence County. The three most important fields in 
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the end of the year. 
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Louden (Beecher City), on the other hand, was less 


than half developed at the end of 1938. Salem has had a remarkably 


rapid development; its discovery 
well was completed July 6, and 
it bids fair to outrank the best of 
the old fields—Lawrence County 
—in yield per acre. 

Numerous new McClosky lime 
discoveries were made in the latter 
half of 1938. Of these, the North 
Aden pool in Wayne County 
appears to be the most important. 
For a detailed statement of wells 
and drilling operations in the new 
fields at the end of 1938 see Table 
5. Data on discovery wells are 
given in Table 6. 


DRILLING TO DEVONIAN AND 
DEEPER 


Fifty-three wells reaching the 
Devonian limestone or deeper 
were completed in Illinois in 1938. 
Of these, two discovered oil in 
commercial quantities in the 
Devonian; one was a small gas 
well in the Pennsylvanian; one 
was the discovery well for Benoist 
production in the Dix pool, Jeffer- 
son County; five were Trenton 
lime producers in the Dupo field, 
St. Clair County; one was a small 
Hoing sand producer in the Col- 
mar-Plymouth field, McDonough 
County; and the remainder were 
dry holes. Five of these wells 
reached the St. Peter sandstone, 
which is correlated with the Wil- 
cox sand of Oklahoma. The St. 
Peter sandstone has not yet 
yielded any oil in Illinois. 
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Fig. 3.— GENERALIZED GEOLOGIC COLUMN, 
Ixuuinois BASIN FIELDS IN Cuay, RICHLAND 
AND WAYNE COUNTIES, 


Oil in commercial quantity was recently discovered in the Devonian 
limestone at a depth of 2920 ft. in the old Sandoval field, which has been 
producing for 30 years from the Benoist sand at an average depth of 
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1550 ft. This is especially significant because it suggests the possibility 
of extensive Devonian oil on favorable structures in the Illinois Basin. 
Some of these—for example, the Louden (Beecher City) and Salem 
(Lake Centralia) structures—are known to be much larger than the 
Sandoval structure. 


TaBLE 1.—Oil and Gas Production in Illinois in 1938 


Total Gas 
hi ad Total Oil Production, Number of Oil and/or 
en agi Production, Bbl. fee Gas Wells 
u. Ft. 
8 During At End 
Field, County re 1938 of 1938 
°o 
E To End of Duri ToE 
, ry o End o! uring ‘o End 
¥ Sa Pr fore 1938 lof 1938 32 
E 4 eS 3 Bla |w 
E k v|23/2\8|2 
: a £8| Be] 2 | 8| 32/8 
& i) S| 2 Ss || 2S oO 
a < repeal (ices Oo |=] ao Id 
1) Warrenton-Borton, Edgar |32 100 0 29,030+ 630 0 0 22 0} 0 13} 0 
2 1 ge lees Twp.), |34 9,000 55 2 < x 0 | 1,621 5} 40) 332) 0 
rk, Coles 
3 850 75 z z E 0 185 0; 0 y| 0 
4 9,000 0 z z z 0 1,443 5) 0 0 
5 1,500 0 E z z 0 12 0; 0 : 0 
6| Siggins (Union Twp.), 
Cumberland, Clark..... 32 3,580 75 z z z 0 995 0} 0} 914; 0 
7 3,185 55 z = z 0 854 0} 0 y| 0 
8 435 15 z z z 0 90 0} 0 y| 0 
9 855} 105 x x z 0 192 0} 0 y| 0 
10) York, Cumberland....... 310 40 2 - - 0 70 0 
: Casey, Clark............ 31 tes . x x zr 0 532 0 0 mn 0 
9 = x x 0 41 0} y y| 0 
13 400 0 
14 2% 1,525 15 ; ; - 9 310 0 : : 0 
: Martinsville, Clark...... 31 ips oo me x 2 0 213 0} 4) 122) O 
x x = 0 7 0} 0 y| 0 
17 275 35 
18 105 0 = D i 3 0 : 0 
td i | x z x 0 34 0} 0 y| 0 
2 x x 0 39 0} 0 y| 0 
21 5 0 x 0 
22| North Johnson, Clark... .|81 1,320 20 = x : 485 0 0 448 0 
23 11115} 0 z z| 2 | z | 296) of o| yl o 
24 160 0 x x x x 32 0} 0 yl oy 
ci at ‘ x x : x 177 0} 0 y| 0 
2 
a South Johnson, Clark... .|31 1,715 65 a ; r : 534 0 0 4s6 0 
185 5 z 2 £ z 38 0} 0 y| 0 
29 295 0 F x x © 59 0} 0 0 
o ah . x x x x 401 0} 0 : 0 
; x 1 
32) Bellair Crawford, Jasper. |31 1,300 5 x 7 3 ; ri 3 0 403 9 
33 1,165 0 F x z x 309 0} Oo y| 0 
He af : x 2 x x 63 0) 0 y| 
x 
36 Clark County Division! 19,960} 475} 52,105,000+ 193,000 | ao 3 “4 3,234 0 
37| Main,? Crawford......... 32 | 85,185} 515 x x z a | 7,822 3} 38] 5,193} 0 
38 340 0 x F x x 68 0 
y 0 
39 33,795} 510 x x £ z | 7,141 0| 0 : 0 
40 1,000 0 2 x & z 108 0} y y| 0 


@ Footnotes to column heads and explanation of symb i 
1 Total of lines 1, 2, 6, 10, 11, 15, 22, 27,32, aes ee 
2 Includes Kibbie, Oblong, Robinson and Hardinsville. 
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TaBLeE 1.—(Continued) 
ens ae Seca ae eS a a SSD 


er of Ol 
Ais . ter of Oil, 
pone tt Pressure, Db. Approx, Producing Formation peeves rene 
End of 1938 per Sq. In. Average Tested to End 
during of 1938 
1938 
Number of Average Gravity Depth, 
of A A.P.L. at Average 
Wells ati End of |"gq0 Fras in Fost 
& oS 
e | 4 4 ge 
& & Name Age as a S oe Name 
q w| 2 ga 3a de =e 3 2 (Sel ® a 
4/8) 2 |S8| 2 Be g2|e2| 8 | See) 2 oie 
© 8| - |&]| © (hb D $3\e8| § | B/E so) s bape 
B|s Z =| 3/8/ 8 | 85 23/53| 4/ Slee eB BS 
1; 0 13 x ©, a]. 2 Unnamed Pen | 215) 159) S |Por} x Pe 
2) 0| 332| |200+| 2} | 34.0. | See below Parl edoneiladse 
3} 0 y os z| 30.0 Saeees gas |Pen| 376] 281) S |Por|36 | D 
san 
4) 0 y x z a| 33.5 | Westfieldlime |MisL} 446] 334) L |Cav| 2 | D/|St. Peter |3,00 
5} 0 y gig z| 37.0 | Trenton (Ord) | Ord |2,568/2,265| L |Por| « | D a 
6} 0} 914] 24 x £ z| 33.0 | See below D | Dev. lime- |2,010 
é me stone 
7/0 y x z z| 34.0 Host een Pen | 465} 367} S |Por| « | D 
san 
8} 0 y x z z| (33.6) | Second and Pen | 562) 478] S |Por| « | D 
third Siggins 
sand 
9} 0 y (i x z| (25.7) Lore Siggins | Pen | 590} 556] S |Por| z | D 
san 
10} 0 44 2 z a| (30.3) | York sand Pen | 680} 588) S |Por} « |AM 960 
11; 0} 471) 2 x be z| 29.2 | See below AM| MisL 808 
12) 0 y x £ z| (31.9) | Upper gassand| Pen | 358) 263) S |Por|  |AM 
13} 0 y x & a| (30.1) | Lower gas sand! Pen | 426] 309) S |Por| z |AM 
14) 0 y & x a| (33.6) | Casey sand Pen | 505) 444) S |Por| s |AM 
Len Ol 122) & x z| 36.8 | See below D | St. Peter [3,411 
16} 0 y x x a} oy Shallow sands | Pen | 411} 255) S |Por| x | D 
£7) <0, y x Ey al oy Casey sand Pen | 511) 449} S |Por| z | D 
18} 0 y & z e| oy Martinsville |MisL| 506) 477) L |Por| z | D 
19} 0 y x 45 z| (38.9) | Carper MisL|1,418/1,340) S |Por} ¢ | D 
20; 0 y £ z zs} oy “Niagaran” | Dev /1,596/1,553} L |Por| « | D 
21) 0 il £ © z| (39.6) | Trenton Ord |2,830|2,708} L |Por| « | D 
22] 0} 448 x x z| 31.0 | See below AM| Mis 965 
23) 0 y c a wy Claypool sand | Pen | 486] 416 S |Por| « |AM 
241 0 y & x aly Shallow sands | Pen | 451) 314| S |Por} « |AM 
25) 0 y “3 x | ¥ Casey sand Pen | 508) 465) S |Por| « |AM 
26) O y z © e| oy Upper Partlow | Pen | 554) 534) S |Por|  |AM 
27| O| 486 a x z| 32.2 | See below AM| Mis 1,160 
28) 0 y z x zl oy Claypool sand | Pen | 549] 392) S |Por| « |AM 
29; 0 y x £ a) oy Casey sand Pen | 518} 453) S |Por| x |AM 
30} 0 y z & “| Upper Partlow | Pen | 570} 489] S |Por| « |AM 
31; 0 y a & z| 28.5 | Lower Partlow] Pen | 618) 598} S |Por| 2 |AM 
32} 0} 403 x x z| 33:7 | See below AM| MisL 1,471 
33} 0 y x bo z| (32.4) | ‘500 Ft.” sand| Pen | 726} 561) S |Por| « |AM 
34) 0 y x x Gy “800 Ft.” sand| Pen | 907) 817| S |Por| x |AM 
35) 0 y x x z| (37.0) | ‘900 Ft.” sand|MisU| 920) 886) S |Por|  |AM 
36] 0} 3,234) 26 x z a| 33.0 338+ 
37) 0} 5,193} 27 |425+] y y| 33.0 | See belows2 pine 4,620 
38} 0 y Lt x a) oy Shallow sand | Pen | 822} 508} S |Por| « |ML 
39/ 0 y| 28 x x z| 32.8 | Robinsonsand | Pen | 960) 900) S |Por |25+|/ML oe 4,620 
40) 0}. y x a a) soy Oblong Mis |1,416/1,337)S or Por| x oa Mis 1,479 


22 Pressures in the southeastern Illinois oil fields are estimated bottom-hole pressures reported in previous Survey 
uublications. 

2 23 All gravities given prior to 1936 (except those in parentheses) were from data for the year 1925 furnished by the Illinois 
Pipe Line Co. Gravities in parentheses are for particular samples; see Illinois State Geol. Survey Bull. 54, Table 3. The 
gee bere been converted from Baumé to A.P.I. gravities. 

24 Air, 7. 

25 Gas, 1; air, 15. : 

26 Gas, 1; air-gas, 5; air, 24. 

ES La ae 

as, 16; air-gas, 20; air, 54; water, 1. ; sro i * 
32 The Salvage Oil and Gas Co—W. 8. McGrillis No. 3, sec. 25, T. 8 N., R. 13 W., is producing in the McClosky sand 


at a depth of from 1409 to 1415 ft. 
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TaBLE 1.—(Continued) 


OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1938 


Total Gas ‘ 
Area Total Oil Production, | Number of Oil and/or 
Proved, Production, Bbl. Millions Gas Wells 
Acres Cu. Ft. 
a During | At End 
é = 1938 of 1938 
Field, County “3 
a 
teal f To End of | During |ToEnd 
g |] Oil | Gass} “1938 1938 |of 1938 £2 
oa 
g a B=| 8 /zle le 
z - vola5| = || 3. (8 
[oa] ° 
ha| < A=| S57) 5 |=/&9 |£o 
41| New Hebron, Crawford. ..|29 1,350) 210 x £ Lz z 296 0} 2] 178! O 
42| Chapman, Crawford..... 24 1,045} 515 z 2 z z 193 0} 3 72| O 
43| Parker, Crawford........ 31 1,310 30 x x z z 256 0} 1! 216) O 
44| Allison-Weger, Crawford.) y 1,075 20 x z z z 146 0 0 65) 0 
45| Flat Rock,’ Crawford....| y 1,375] 545 z z z z 289 3} 7| 149| 0 
46| Birds, Crawford, Lawrence] y 4,370} 115 2 zr x zt 684 0} 1) 4741 0 
47| Crawford County Div- 
ISIONA Sao, ate actciners 45,655| 1,945/143,619,000 1,597,000 z y 9,193 6) 52) 6,347] 0 
48| Lawrence, Lawrence, 
Crawford 7 nonsense 32 | 24,150) 1,550 x x z xz | 4,399) 11] 27/ 3,200) 0 
49 5,015 35 2 z x x 1,231 Oo} y y| 0 
50 2,240 x F & z 475 Oo} y y| 0 
51 345) 1,095 z z x = 243 0) y y| 0 
52 15,960] 220 z 2 2 z | 3,017 0} y y| 0 
53 5020} 200 2 z 2 zx 684 0} y y| 0 
54 6,950 0 z z x z 957 0) y y| 0 
54] St. Francisville, Lawrence.| y 420 0 z z x x 54 0} y 45| 0 
5¢| Lawrence County Divi- 
BION as ssa eee 24,570) 1,550/223,132,000 1,751,000 z y | 9,185 11) 27| 3,245) Oo 
57| Allendale, Wabash.......|26 1,680 0| 4,656,000 384,000 x y 427 7; 3! 326) 0 
5&8} Total Southeastern 
Illinois field®........ 91,855} 3,970/423,541,030 | 3,925,630 x y |19,064)  29/126)13,152| 0 
59| Colmar-Plymouth, Han- 
cock, McDonough...... 25 2,450 0} 2,415,970 128,170 0 0 477 2} 0} 209) 0 
60} Pike County Gas, Pike. .|337 0} 8,960 0 0 = 0 68 0} 0 0} 0 
61| Jacksonville Gas, Morgan |288 30} 1,290 2,100 0 z 0 53 0} y 0} 0 
62| Carlinville, Macoupin. ....|299 30 50 0 2 0 8 0} 0 0} 0 
63] Spanish Needle Creek, 
Macounin..... cack us 2310 0 80 0 0 14.4; 0 7 Oo} y 0} 0 
64| Gillespie-Wyen, . 
Macoupin ier scanncess 23 40 0 z 0 0 0 22 0; 0 0} 0 
65] Gillespie-Benld Gas, 
Macoupin.......... + {15 0 80 0 0 | 135.8) 0 4 0} 0 0} 0 
66] Staunton Gas, Macoupin. |2212 0} 400 0 0 {1,050 0 18 0} 0 0} 0 
67] Litchfield, Montgomery. . .|5918 100 0 22,000 On Be 0 17 0} 0 0| 0 
68} Collinsville, Madison... .|2914 40 0 715 0 0 0 5 0} 0 0} oO 
69] Ayers Gas, Bond........ 16 0} 325 0 0 167 | 23.2 19 ‘1; 0 0} 10 y 
70) Greenville Gas, Bond... .|28% 0; 160 0 0 | 990 0 4 0} 0 0| 0 | 
71! Carlyle, Clinton......... 27 915 0} 3,344,400 27,200 0 0 165 0} O 78! 0 
72| Frogtown, Clinton.......|20%| 300! 0 t 0 0 | 0 12; oO] 0 0] 0 | 
73| Sandoval, Marion....... 29 770 0} 2,645,800 15,000 0 0 123 0} Oo 37| 0 i 
74| Centralia, Marion....... 28 175} 0 x y ORO Dale Ol <0) 98). 00 | 


3 Includes Swearing: 
# Total of lines 37, 


6 Total of lines 36, 47, 56, 57. 


7 Abandoned 1930. 
8 Abandoned 1937. 
® Abandoned 1925+ . 
10 Abandoned 1934. 


15 Abandoned 1923, 
\6 Abandoned 1933, 


$e 


en gas. 
1, 42, 43, 44, 45, 46. 
5 Total of lines 48 and 55 
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Naturat Gas 


Natural gas was produced commercially in two fields in Illinois 
during 1938, the Ayers field, Bond County (productive since 1922), 
and the Russellville field, Lawrence County. 


TaBLe 1.—(Continued) 


cre 
Oil-production ter of Oil, 
Pressure, Lb. | A ‘ : : Deepest Zone 
eee per Sa. Tn,.422 Ryans Producing Formation Tested to End 
during of 1938 
1938 
Number of Average Gravity Depth, 
AP.I.at A 
of Wells at End of 60° F.3 in Fest 
Name Agee ae 4 o ae Name 
S = ao ay 8 g r=} 
ae ee | ee SFiS} a |. (Ee) 4 
bo a ie 2 w g ro) o| 2 3s & se, 
A= | a Plarl S&S | Pid 5 
Fe - a oe eect os ‘8 seics| £ BE 5 5 so 
ze ~— oe ~ oOo ~~ 
Ele| 2 || 2 2) 8 | 2 S°|2*| 8 | 2 |B) 8 ES 
41} 0] 178 a | a 2) 30.1 Robinson Pen | 975] 940/ S | Por| z |ML] MisL 2,056 
san 
42! 0 72 x x By Robinson sand | Pen |1,015} 995) S |Por| z |ML]| Mis 2,279 
43| 0) 216 z x aly Robinson sand | Pen |1,025|1,000} S |Por| z |ML| Pen? 1,127 
44) 0} 65 z z z| 29.5 | Robinsonsand | Pen | 930) 912} S |Por| « |ML| Pen 1,041 
45] 0; 149 es x a} 22.5 Robinson (Flat] Pen | 945} 935) S |Por| xz |ML| Pen 1,032 
oc 
46} 0} 474 x 3) a) 31.8 | Robinsonsand | Pen | 950} 930) S |Por| z |ML| MisL 1,731 
47| 0} 6,347) 2@ |425+)| a Zl) S228 Pen, ' S |Por ML| Trenton 4,620 
Mis (Ord) 
48) 0} 3,200 650+] 2 z| 32.9 | See below A | St. Peter |5,190 
49! 0 y x x wy Bexleepent Pen |1,000} 800) S |Por /40 
san 
50} 0 y 2 x al Buchanan Pen |1,265}1,250} S |Por|15 | A 
51/ 0 y z | @ ay “Gas” sand |MisU]1,345]1,330} S |Por|15 | A 
52! 0 y 600+] « z} oy Kirkwood MisU/1,430/1,400) S |Por|30 | A 
53] 0 y 650 x le ay Tracey MisU]1,580/1,560| S |Por|20 | A 
54; 0 y x % ay McClosky MisL}1,710|1,700) L |Por |10 | A 
55} 0 45 600 a z| 37.3 | Kirkwood MisU]1,865/1,843] S |Por|22 |ML| Mis 1,900 
56} 0} 3,245 z x i St. Peter |5,190 
57} 0} 326 fe £ z| 35.1 | Biehl sand Pen |1,460}1,425) S |Por|20 |AM 
58} 0/13,152) 30 83.1 } 
59] 0| 209 x z Die 4, Hoing sand Dev | 468) 447) S |Por|21 | A Trgnton 805 
r 
60) 0 0 2 x L “Niagaran” | Sil 275| 265) L |Por|10 | A | St. Peter | 893 
61] 0 0 x x a] « Gas sand Pen,| 335) 330) S, |Por| 5 |ML} Trenton 1,390 
Mis SL (Ord) 
62| 0 0 135 x z| 27.7 | Unnamed Pen | 398] 380} S |Por| z | A | Pen 410 
63] 0 0 y y y Unnamed Pen | 405] 305} S |Por| « | D| Pen 495 
64; 0 0 & fo] z| 30.0 | Unnamed Pen | 670] 650| S |Por| x | T On 2,560 
r 
65) 0 0 155 x x Unnamed Pen | 555) 542) S |Por| z | A | Pen 575 
66] 0 0 145 z x Unnamed Pen | 491) 461) S |Por| « | A Trenton 2,371 
ri 
67} OF. 0 x L z| 21.7 | Unnamed Pen | 674} 664| S |Por| x | D | Pen. 681 
68] 0 0 x fig al fee Devonian- Dey-|1,400|1,305) L |Por |20. |ML/| Silurian 1,500 
Silurian Sil ‘ 
69) 0 0 335 |310} 310 Lindley ve MisU| 945) 940) S |Por| 5 | A | MisL 1,150 
70| 0 0 x x x erp 1st, |MisU] 993] 927) S |Por| z | A | Mis 1,065 
71; 0 78 2 x a| 85.2 | Carlyle MisU}1,055|1,035) S |Por/20 | A | Sil 2,620 
72| 0 0 z on z| 81.9 | Carlyle MisU] 957} 950) S |Por| 7 | 0 | Carlyley. | 962+ 
73) 0 37 z x z| 34.5 | Benoist MisU]1,560]1,540) S |Por |20+] D | Mis 1,732 
74| 0 m3) x x z| 32.0 | Dykstra, Wil-| Pen, |1,150/1,130) S |Por |20 | D | MisL 1,779 
son, Benoist |MisU ML 


—— CNN N ww nn OOO ae 
sane 17; air-gas, 24; air, re be L ets 
30 , 18; air-gas, 29; air, 79; water, 7. : 1 : “f 
33 The West Union Oil and Gas Co.—Ducommon No. 1, sec. 28, T. 6 N., R. 12 W., is producing in the ‘‘ McClosky sand, 


from 1506 to 1528 ft. 
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TaBLeE 1.—(Continued) 


Neca Ae Total Gas : 
Proved Total Oil Production, Number of Oil and/or 
ered Production, Bbl. Millions Gas Wells 

$3 Cu. Ft. 


During At End 


Field, County 1938 of 1938 


: To End of During |ToEnd 
s $3} Oil | Gass) ““igag 1938 of 1938 et a\% 
Z E ® » |3s| 2/8/48 a 
S Se 
g ge PE ae B | 3/38 |32 
Re a A757 1 5 [=] 8° |&o 
75| Wamac, Clinton, Marion, 
Washington......... 17 250 0 382,530 9,780 0 0 104 1; 0 46} 0 
76] Dupo, St. Clair.......... 10 670 0 946,870 36,100 0 0 242 5} 0 30! 0 
77| Waterloo, Monroe....... 1817 125 0 166,000 0 0 0 23 0} 0 0} 0 
78| Sparta Gas, Randolph....|2118 65] 100 z 0 z 0 20 0} 0 0} 0 
79 ‘Ava-Campbell Hill, 
PUCK 2 teens eas 2119 70| 370 25,000 0 z 0 35 0} 0 0| 0 
80] Bartelso, Clinton........ 3 165 0 253,570 161,870 0 0 38 17| 0 37; 0 
81] Decatur, Macon......... 220 10 0 1,000 400 0 0 2 0} O 0} 0 
82] Total for fields prior to 
Sy Larne nn 98,060) 15,785|433,746,980 | 4,304,150 [2,357.2) 23.2/20,550 55/126/13,592! 10 
83] Sorento, Bond........... 1 10 0 y y 0 0 1} 0 0] 0 
84| Beecher City-Louden, 
Payette aaiitentnc sare 2 15,860 0} 1,892,000 1,892,000 0 0 488) 486) 0] 488) 0 
85 y 0 y y 0 0 250} 248] O| 250) 0 
86 y 0 y y 0 0 18 18] 0 18] 0 
87 y 0 y y 0 0 220} 220) 0] 220) O 
88] St. James, Fayetie....... 1 270 0 48,000 48,000 0 0 24; 24! O 24) 0 
89] Patoka, Marion......... 2 465 0} 1,167,000 742,000 0 0 115} 22) 11) +104] 0 
90} Lake Centralia-Salem, 
QMO cede oe ose 1 7,520 0} 2,895,000 | 2,895,000 0 0 480} 480) 0} 476) O 
91 y 0 y y 0 0 442| 442) 0 y| 0 
92 y| 0 y y 0 | 0 21; 21] o| gy] 0 
93 Me a y y 0} 0 17} 17] oO} . yl O 
94] Centralia (New), Clinton, 
Marion.......+.00. 2 | 2,000 0} 3,027,000 | 3,022,000 0} 0 526] 524) 0} 526] 0 
: a ie 
: y y y 14) 512) O} 512) 0 
97) Dix, Jefferson........... 1 615 0 y y 0 0 35} 35) 0 35) 0 
98] Roaches, Jefferson...... . 1 20 0 y y 0 0 2 2) 0 2} 0 
99] Marcoe, Jefferson........ 1 10 0 y 7] 0 0 1 1; 0 1} 0 
100] Elk Prairie, Jefferson....| 1 10 0 y y 0 0 1 1; 0 1; 0 
101| Ina, Jefferson........... 1 10 0 y y 0 0 1 1} 0 1] 0 
102| Flora, Clay... 2.0.00... 1 140} 0] ~__68,000 68,000 0 | 0 9) 369] o| =a] (co 
103] Clay City, Clay, Wayne..| 2 4,750 0} 5,560,000 | 4,004,000 0 0 222) 144) 0} 222) O 
i Noble, Richland......... 2 3,150 4 5,179,000 | 4,232,000 0 0 153} 108} 8} 141] 0 
y y 0 0 6 6} 0 6} 0 
106 : 3,150 0 7] y 0 0 145] 102) 8) 135 
107] Schnell, Richland........ 1 40 0 y y 0 0 4 4, 0 4; 0 
108] Olney, Ra ChiGnG cane a2 sto 2 380 0 415,000 414,000 0 0 30 29] 0 28) 0 
109] Rinard, Wayne.......... 2 10 0 7] 7] 0 0 1 0} 0 10 
110] Cisne, Wayne........... 2 575 0 y vy 0 0 26] 23) O 25) 0 
111 20 0 y y 0 0 2 0} 0 2); 0 
112 555 0 y 7] 0 0 24 22] 0 23) 0 
113] Boyleston, Wayne....... 1 10} 0 y y OO 11) wea 0 1] 0 ! 
114] Aden, Wayne........... 1 160 0 y y 0 0 4 41 0 4] 0 
115] North Aden, Wayne..... 1 690 0 305,000 305,000 0 0 40} 40} 0 40) 0 
116] Mt. Erie, Wayne........ 1 10 0 v y 0 0 1 1] 0 11 0 } 
117| Leech Twp., Wayne...... 1 20 0 y y 0 0 2 2) 0 2| 0 
118] Russellville Gas, Lawrence| 2 0} 500 0 0 | 101.4) 99.1 15} 13! 0 0) 15 
oe orth RTE Pe i ' 0 6.8 | 4.5 2 Oo; 0 0; 2 
te tron 0 3 ; 
121) Total for fi after Jan. | | sits Rasta ee fads! pcs ares 
an HGR aap aac 6,725) 500} 22,549,000 {19,665,000 | 101.4] 99.1] 2,182] 1,955 
122] Total for Illinois”... || 134,785) 16,285|456,850,0005 |23,929,000%4/2,458. 6/1223 22,732) 2,010 45, 15, 3728 2 : 
. 
17 Abandoned 1930, ; 21 Total 
i Aan on ed 1200 Py = lines 58 to 81 inclusive. 
1 Abandoned 1934. at Total of lines 83 to 120 
2 Wells drilled in 1922 and 1924, first production in 1937. 37 Total of lines 82 ani Hagman 


NS 
a 
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TaBLe 1.—(Continued) 


ne ae a a EF i a 
er of Oi 
Oil-production ter of Oil, 
Pressure, Lb. | A ; : ‘ Deepest Zone 
ape per Sq. In. seers Producing Formation Tested to End 
during of 1938 
¥ 1938 
Average | Gravity Depth, 
eas at End of |A.P.I. at Average 
60° F.23 in Feet 
Male £3 
5 # Name Agee as £8 ee Name 
BS] ol les Be SF iss E |. [dels we 
z|8| 2 ial 5 BE B2/82/2|2 (68) 3 ee 
#| | § jes| 2 /8| 8] BE $5 /S3| 8) 2 lsh) 3 as 
Siete | 8 12| S| es AM |S"|S |& lax ae 
75) 0 46 2 z z| 30.2 | Petro Pen | 760| 720! § /Por|20 | p | MisL 1,760 
76) 0 30 x x xz| 32.7 | Trenton Ord | 651) 601) L |Por,!50 | A | Trenton 819 
Cay (Ord) 
77| 0 0 2 r z| 30.0 | Trenton Ord | 460} 410) L |Por|50 | A Ton 845 
r 
78) 0 0 x x &| 2 Sparta gassand MisU| 857| 850| § |Por| 7 | D | MisU 985, 
79| 0 0 z x a| 2 Unnamed MisU| 798] 780] S |Por|18 | A | Dev 2,530 
80! 0 hip 2 x z| 32.0 | Carlyle MisU/1,008) 984) § |Por |24 | D | MisU 1,118 
81) 0 2 x z az} 39.5 | ‘‘Niagaran”’ Dev |2,076|2,020) L |Por |30 | N | St. Peter |2,991 
82) 0/13,592| 31 0 
83) 0 0 y 0 yl oy Devonian Dey /1,830|1,800} L |Por| y | D | Devonian |1,830 
84135] 353) 34 y y y| 37 See below A | Devonian |3,170 
85) y y y y| e500) y Cypress MisU/|1,541/1,510} § |Por |29 
86) y y y 0 a. 9 Stray MisU}1,561/1,542| § |Por |15 
87] y y y O| e575) y Bethel MisU]1,566/1,542| § |Por |21 . 
88) 0 24 y y y| 37 Cypress MisU]1,624/1,603) § |Por|19 | A | MisU 1,636 
89} 0} 104 e x | 39.5 | Bethel MisU|1,440/1,424| S |Por |16 A | MisL 1,675 
90)127| 349 y y y| 39.5 A | MisL 2,192 
91) y y y y yl o¥ Bethel MisU}1,817|1,776) § |Por |38 
92| y y y y y| oy Aux Vases MisU/1,850|1,801} § |Por |34 
93} y y u y ay McClosky MisL ,2,035/2,000) L |Por |19 
10 
ee 20) 2 520 v | w{ .950) 36.1 A|MisL — |1,646 
95) 0 12 y y yl Og Cypress MisU/1,225/1,200| § |Por |19 
96) O| 514 y y yl oy Bethel MisU|1,378/1,355| S |Por |23 J 
97; 0 35 y y| e730) 38 Bethel MisU/1,965/1,950) § /Por |15 | A | Devonian /3,874 
98] 0 2 y y yy Ste. Genevieve |MisL |2,271|2,192|S, L|Por |12 | D?) MisL 2,263 
99} 0 1 y y yl y McClosky MisL |2,765|2,746) L |Por |11 | D?} MisL 2,800 
100} 0 1 y y y y McClosky MisL |2,751|2,718) L |Por| 7 |D?| MisL 2,958 
101] 0 1 y Yy yl sy St. Louis MisL |3,007|3,002! L |Por| 5 | D | MisL 3,007 
102} 0 a) y y y| 38.5 | McClosky MisL |2,982/2,966| L |Por| 7 y | MisL 3,100 
103) 28) 194 y y y| 38.5 | McClosky MisL |3,035/2,984| L |Por | 9 A | MisL 3,197 
104; 0) 141 y y y| 38.5 ‘ A | MisL 8,115 
105} 0 6 y y y| 38.5 | Cypress MisU/2,602|2,569| S |Por |20 
106) 0); 135 y y y| 38.5 | McClosky MisL |3,003|2,957| L |Por |10 ; 
107} 0 4 y y y| 38.5 | McClosky MisL |3,068)/3,012) L |Por| 6 | D | MisL 3,130 
108} 2 26 y y| 350) 39.1 | McClosky MisL |3,073|3,052) L |Por| 9 | A | MisL 3,137 
109} 0 1 y y y| 38.5 | McClosky MisL |3,154|3,144; L |Por| 5 | D | MisL 3,154 
110) 17 8 y y y| 38.5 ; . A | MisL 3,273 
TT) 0 2 y y y| 38.5 | Aux Vases MisU|3,026/2,982| S |Por |13 
112) 17 6 y y y| 38.5 | McClosky MisL'3,137/3,117| L |Por |10 ‘ 
113) 0 qi y y y| 38.5 | McClosky MisL |3,269|3,253} L |Por|12 | A?| MisL 3,269 
114) 0 4 y y y| 38.5 | McClosky MisL/3,337|3,287| L |Por| 7 | A | MisL 3,460 
115} 34 6 y y| 400! 38.5 | McClosky MisL |3,335|3,315) L |Por |13 | A | MisL 3,440 
116; 0 1 y y y| 38.5 | McClosky MisL '3,092|3,080| L |Por| y |D?} MisL aula 
117) 0} 2 y y y| 38.5 | McClosky MisL |3,461/3,446] L |Por| 7 | D?| MisL 3,488 
118 y y| 380 A : 
119 y y y Pen sand Pen | 622! 619| S |Por |12 MisL 2,012 
120 y y y Buchanan Pen |1,100,1,090} S |Por |10 Pen 1,158 
121/343) 1,793) 34 
~ -122/343|15,385] 35 


31 Gas, 18; air-gas, 29; air, 171; water, 28. 
35 Gas, 23; air-gas, 29; air, 171, water, 28. 
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OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1938 


TABLE 2.—Summary of Drilling Operations in Illinois 
ET SRILA OT MNCL Tis SRR ON 
Important Wildcats Drilled in 1938* 


Initial Pro- 


Location duction 
a5 per Day 
al * Deepest Field Name of 
County 8 Horizon Drilled by Gas, New Discoveries 
Ren & Tested Oil, | Mil- | . | and Extensions 
Sur. | LWP: | Ree. | © U.S.) lions | 
vey Lat. | Long 3 Bbl. Cu. E 
RS t. oe 
Bond iene s0s 30 | 4N| 2 W/ 1,385] Ste. Genevieve = C. McBride, Dry 
ne. 
Bond s.ceaeee 30 | 6N]| 3 W| 1,030] Ste. Genevieve | O. M. Nethery Dry 
Bondisic 2.0% 26 | 6N]| 2 W | 3,350) ‘‘Trenton” A. T. Whitehead Dry 
Bordasseieee 24! 6N| 4 W/ 2,045] Devonian Universal and Dry 
DeMayo 
Bonds.aneaee 21| 6N| 4 W/1,870| ‘“‘Niagaran” File et al. Dry 
Bond: nen 24) 4N{| 2 W/ 1,380) Bethel ire & Hol- Dry 
an 
Bondy cicewe« 81 | 4N| 2W/1,323| Ste. Genevieve | Lindsay Bros. Dry 
Bond)... 35% 28 | 4N]| 4 W/}1,337| St. Louis John Farrelly Dry 
BORG. taeate 33 | 4N| 4 W/ 1,180) St. Louis Lindsey Bros. & Dry 
Brit. Am. 
Bond 21 6N| 4 W/ 1,835) ‘“Niagaran” DeMayo et al. 15 Sorento 
Brown 4 PSA 2 Wyeo73 Mississippian Fell Oil Trust Dry 
Brown....... 15| 18 | 2W| 642) ‘Niagaran” Fell Oil Trust Dry 
Bureau...... 8 | 17N| 6E | 1,347] St. Peter Harrington Bros. Dry 
Bureau...... 24/15N| 9E 450) Pennsylvanian J = R. Lewis et Dry 
al. 
Casas sehen 30 |17N}12W|_ 585] “ Niagaran”’ Ed Duval Dry 
Champaign...| 9] 17N}]10E | 350) Pennsylvanian yee alee 1.51 
0. 
Champaign...| 33 | 18N|10E | 480) L. Mississippian oe Oil & Gas Dry 
0. 
Champaign...) 20] 20N| 8E 610) Devonian Barber & Siever Dry 
Christian....| 23 | 11N | 14 | 1,727) Ste. Genevieve | Independent Dry 
en : Prod. & Ref. 
Christian....| 23 | 11N} 1£E | 1,801) St. Louis Swords & Dry 
pes McDougal 
Christian....] 32 | 12N} 1 W | 1,457| Ste. Genevieve | Brown & Lacy Dry 
Christian....] 29 | 12N | 2 W/| 1,010) L. Chester Nokomis Oil Co. Dry 
Clar! 17 | 10 N } 11 W | 2,555) Devonian Pierson & Yeager Dry 
Charkoacenn 4 21 | 11. N | 12 W } 2,451! “‘Niagaran” ate Consumers Dry 
il C 
Clark tec. 30 | 12N|13 W| 403) Pennsylvanian | Stipes et al. 0.250! 
Clarvkcotoeae. 19 | 12N/14W| 410/ B. Pennsylvanian! W. ee Miller et al. Dry 
Clarks ov stusne 29 | 12N|13 W525) L. Pennsylvanian | J. W. Stipes et al. Dry 
Clark >. ari 17 | 11 N | 12 W | 2,440) ‘‘Niagaran” Mid-American Dry 
Resource Co. " 
Clay a.caneee 19 | 3N] 8E |38,047) “*McClosky” Danville Oil 124 Clay City exten- 
‘ Drillers, Inc. sion 
Clays. aa. 12 | 2N]/ 7E | 38,076) Ste. Genevieve | Wiser Oil Co. 273 Clay City exten- 
sion 
Clavintsesse os 23 | 3N| 7E | 3,147) Ste. Genevieve | J. L. Tallman et Dry 
al. 
Cla Selanne: 19 | 3N] 8E |38,098| Ste. Genevieve | Nu Crude Oil Co. Dry 
Olay i, ecnne 13 | 3N]| 6E | 2,983) Ste. Genevieve | Kingwood Oil Co.| 550 Flora 
Olay se 24 | 4N] 8E | 3,150) Ste. Genevieve | Ohio Oil Co. Dry 
Olay: cdevue 14] 4N| 5E | 4,325) “Niagaran” Carter Oil Co. Dry 
Olay eae on 35 | 3N| 8E | 3,074) Ste. Genevieve | Bureka Oil Co. Dry : 
Claviss enix 9| 38N] 7E | 2,967) Ste. Genevieve | Ohio Oil Co. 459 Flora extension 
Clay ieee 32 | 3NJ| 5E | 3,030) Ste. Genevieve | Gordin & Robin- Dry 
son 
Clinton...... 18 | 3N/]/ 2 W/1,188| Bethel Hawley & Willis Dry 
Clinton...... 4| 3N]| 2 W/ 1,406) L. Mississippian | Phelps et al. Dry 
Clinton....., 13} 1N] 1W/1,870) Bethel Adams Oil & Gas| 275 Centralia (New) 
J Co. extension 
Clinton,..... 13} 1N/ 1W/1,444) Bethel Paul Henshaw Dry 
Clinton... ... 22} 1NJ| 4 W)} 1,080) L. Chester Gross, age & Dry 
4 urphy 
Clinton...... 18} 3N] 2W) 1,454 len a dae Hawley & Willis Dry 
Clinton...... 21} 1N| 1W/|1,420/B Brookside Oil Co. * | Dry 
Clinton...... 4) 2N| 1W/1,733 Be Conran Bes & Schlos- Dry 
Clinton...... 28 | 2N] 1W/1,750] L. Mississippian Penn-Ill, Oil Co. Dry 
Clinton...... 3 | 2N{. 5 W] 1,352! Salem Kennedy & Plan- Dry 
‘ gle 
Clinton...... 16} 1N| 2 W/) 1,509) Ste. Genevieve | F. L. Heldt Dry 


* One mile or more from production. 


1 Gas well for local use. 
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TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Location Initial Pro- 
i duction 
z . per Day 
> eepest ———— Field N: \f 
County 3 Horizon Drilled by Gas, New Disco aries 
Sec. 2 Tested Oil, | Mil- and Extensions 
Twp. | Rge. | Q . 3 | 
Sur- | Tat. |Long.| U lions | "5 
vey : Sales Bbl.| Cu. | 8 
eS Ft. | & 
50) Clinton...... 35 | 2N]} 2 W | 1,370) Bethel me A. Wilson et Dry 
al. 
51) Clinton...... 14 | 2N| 1W/ 1,795) Ste. Genevieve | Trahan et al. Dry 
52) Clinton...... 23 2N{ 2 W | 1,560) Ste. Genevieve | Hausman et al. Dry 
53] Clinton...... 5 | 3N]| 1W | 1,620) Ste. Genevieve sks Drilling Dry 
0. 
54| Clinton,..... 10 3N| 2 W | 1,276) Bethel M & K Oil Co. Dry 
55) Clinton...... 30 | 1N| 4 W/| 1,403} L. Mississippian | Farrelly et al. Dry 
56) Clinton...... 35 | 1N| 5 W | 1,290) St. Louis Martin et al. Dry 
57 Clinton...... 19 3N | 2 W | 1,183) Bethel White et al. Dry 
58] Clinton...... 22 | 3N]| 2 W/1,150! Bethel Sappington et al. Dry 
59| Clinton...... 7\ IN| 2W/ 1,498) St, Louis Phillips Petro- Dry 
i leum Co. 
60| Clinton...... 24 | 1NJ| 3 W} 1,360) Bethel Watkins & Dry 
; Wright 
61) Clinton...... 21} 2N)| 3 W | 1,355) Ste. Genevieve Be Gs Thomas et Dry 
62) Clinton...... 35 | 2N]| 3 W | 1,370} Ste. Genevieve ee et al. Dry 
63} Clinton...... 10 | 3N{ 1W/ 1,529! Bethel G. N. Moore Dry 
64| Clinton...... 28 | 3N| 2W/| 1,389] Ste, Genevieve | Lou Huddleston Dry 
et al. 
65)‘ Colesf. oe: .s. 31 | 14.N | 14 W | 1,203) Silurian eee & Mech- Dry 
; ing 
66] Coles......... 27/13N] 9E 903) L. Mississippian W. i. Hughes Dry 
67) ‘Coles... «+ 21 | 11N/|10E | 3,532) “Trenton” Kingwood Oil Co. Dry 
68] Coles........ 21] 11N] 7E | 2,286) Ste. Sesmevier® B. Wafford et al. Dry 
69| Coles........ 9|12N| 7E | 2,277) St. Louis Tuorepaon Drill- Dry 
ing Co. 
70| Coles........ 30 | 14.N | 14 W | 1,134! “Niagaran”’ Mabee et al. Dry 
71} Coles......... 27 |43N| 8E | 2,105) Bethel Ed Swearer & Dry 
Crown Petr. Co. 
72) Coles....-... 36 | 14N | 10E | 1,300) Devonian- East Oakland Dry 
Silurian Syndicate 
73| Crawford....| 34 | 8N| 12 W | 1,030) Basal Pennsyl- | Darnell et al. Dry 
vanian 
74| Crawford....| 18 | 5N}|10W] 955) Basal Pennsyl- | Kentucky Natu- Dry 
vanian ral Gas Co. 
75| Crawford....| 24 | 6N | 12 W | 1,027| Basal Pennsyl- Dale Thaluer et Dry 
: vanian al. 
76| Crawford....| 19 | 5N | 10 W/| 1,450] Ste. Genevieve | Kentucky Natu- Dry 
‘ ral Gas Corp. 
77| Crawford....| 6 | 6N|11W | 1,621) Ste. Genevieve | Mahutska Oil Co. Dry 
78| Crawford....| 18 | 8 N | 12 W | 2,952} Devonian Warren Hastings Dry 
79| Cumberland..| 30 | 10N]| 9E | 2,330) L. Chester Stipes et al. Dry 
80| Cumberland..| 26 | 9N]| 9£ | 2,825) Fredonia | Stewart Oil Co. Dry 
81} Cumberland..| 27 | 11N/ 8 E | 2,411) St. Louis ae Petro- Dry 
eum Co. 
82] Cumberland..| 18 | 10N| 7E | 2,301| Ste. Genevieve | Hanshaw Bros. Dry 
83| Cumberland..| 29 | 10N| 9 E | 2,680) Ste. Genevieve Jefferies & Cobb ; Dry 
84] Edgar....... 22 | 13 N | 12 W | 2,314| “‘ Niagaran”’ Sun Oil Co. Dry 
85) Edgar....... 18 | 12 N | 13 W | 1,000) L. Mississippian | J. W. Stipes et al. Dry 
86| Edgar....... 15 | 14. N | 11 W | 2,160) “ Niagaran”’ ie Huber Dry 
orp. 
87| Edgar....... 16 | 14N/13W| 670] L. Mississippian inliper “Lapsley Dry 
88] Edgar....... 24) 14N|14W| _ 544] L. Mississippian | Pearcy Dry 
89| Efingham....| 32 | 8N]| 6E | 2,709) L. Mississippian | Hollis et al. Dry 
90| Effingham,...| 18 6N]| 7E | 2,900) St. Louis Graham & Dun- Dry 
e. can 
91| Effngham....| 15 | 6N| 6E | 5,823] Middle Ordovi- Kingwood Oil Co. Dry 
cian ; 
92| Effingham....| 24 | 8Nj 4E | 2,700) L. Mississippian enol Oi & Dry 
as Co. 
93] Hfingham....| 22] 7N| 41H |2,404/Ste, Genevieve | Kingwood & Dry 
aker 
94| Effingham....| 20) 9NJ| 4E | 2,012) Ste. Genevieve Carter Oil Co. Dry 
95| Effingham....| 27 | 8N]| 4E | 2,036) Basal Chester W. D. Anderson Dry 
96| Effngham....| 31] 9N| 4E | 1,656) Bethel | Carter Oil Co. Dry 
97| Fayette......) 24 | 9N| 185 |1,850| Ste. Genevieve | Ryan & Red- Dry 
graves 


ee eee 
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TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


County 


Total Depth, Ft. 


Deepest 
Horizon 
Tested 


Drilled by 


| Remarks 


Field Name of 
New Discoveries 
and Extensions 


99] Fayette...... 
100| Fayette...... 


101| Fayette. . 
102| Fayette... 
103| Fayette... 
104| Fayette... 
105] Fayette 


106] Fayette...... 
107| Fayette...... 


108) Fayette...... 
109] Fayette...... 


110} Fayette...... 
111] Fayette...... 


112) Fayette 
113] Fayette. . 
114| Fayette... 


115] Fayette...... 


116} Fayette...... 
117] Fayette...... 


118] Fayette...... 
119} Fayette...... 
120] Fayette...... 
121} Fayette...... 
122} Fayette...... 
123] Fayette...... 
124| Fayette...... 
125] Fayette...... 
126] Fayette...... 


127| Fayette...... 
128} Fayette...... 


129] Fayette...... 


130} Fayette...... 
131] Fayette...... 
132] Fayette...... 
133] Fayette...... 
134] Fayette...... 


135] Fayette...... 
136] Fayette...... 


137| Fayette...... 
138] Fayette...... 


139] Fayette...... 
140] Fayette...... 
141] Fayette...... 
142) Fulton....... 
143] Franklin... . 
144] Franklin... .. 


145) Franklin. .... 


“oo ao Nono on oo cooosinr o am SoONIOoooocuc 00 90 co NOD on On ~ co oreo nT co oO 
OA AIA A ey BA A A aR A Die i lt iii 
= wo ~ eone eo oS RRR ww# — or NNwNwWWwWKwwnNne ww _ www wr wr Lod w et he) bp wo 


— 
or 
a 
wo 


1,602 
1,802 
1,820 
1,753 
2,201 
1,980 
1,593 
1,850 


Bethel 


Bethel 
Golconda 
Bethel 

Ste. Genevieve 
L. Chester 

L. Chester 
Bethel 

Bethel 

Bethel 


Bethel 
Bethel 


Bethel 
Bethel 


peu 
lypress 
Bethel 
St. Louis 


Cypress 
Bethel 


Basal Chester 


1,952) Bethel 


1,434 
1,852 


1,580 


1,647 
1,910 
1,695 
1,640 
1,775 


1,702 


Bethel 
Bethel 


Bethel 


Bethel : 
Ste. Genevieve 
Ste. Genevieve 
Basal Chester 
Ste. Genevieve 


Ste. Genevieve 
ethe' 


1,656) Bethel 


2,001 
1,755 


1,434 
1,970 


2,200] L. 


657 
3,050 
2,946 
3,308 


Ste. Genevieve 
L. Mississippian 


Bethel 
Ste. Genevieve 


“Niagaran 
L. Mississippian 
St. Louis 


Ste. Genevieve 


Mississippian 


Farrelly et al. 


Whisenant & 
Henshaw 

Crump, Ritchie & 
Payne 

W. F. Lacy 

Sharp & Divers 

Sol Simon et al. 

Trares et al. 

Wheless & 
Whisenant 

W. C. McBride,’ 
Inc. 

Wheeler & 
Whisenant 

Finley & Greer 

Joe Sharp & J. 
Divers 

Pat Hudson 

Iroquois Oil & 
Gas Co. 

Whisenant et al. 

Rosenthal 

Ruwaldt & John- 
son 

— Petro- 
leum C ee 

Bell Oil & Gas Co. 

DeKalb Syndi- 
cate 

Burroughs 

Longovia et al, 

B. Johnson 

Jarvis Bros. 

J. C. Cole et al. 

F. H. Brown et al. 

Cummings et al. 

Bob Garland 

ere Drilling 

0. 


Putman et al. 
a Prod. 


& Ref 
je e Stephenson 


Whisenant et al. 
Jarvis Bros. 
Producers Oil Co. 
Doran & Haynes 
anemia Oil 


Lindsay et al. 
American Seismo- 
graph Co. 
Mylius et al. 
Hurricane Creek 
Oil Co 
Putman et al. 
Papoose Oil Co. 
Ullrich & Pough 
Ketcherside & 
Fish 


er 
Washburn Petro- 


Amerada Petro- 
leum Co. 


Beecher City— 
Louden exten- 
sion 


St. James 


eee ———————_—_————E 
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Important Wildcats Drilled in 1938 
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2 Well drilled to Devonian but plugged back to Bethel sandstone. 


3 Initial Pro- 
Location duction 
£ : per Day 
< eepest Field N. f 
County 2 Horizon Drilled by Gas, New Thueranan 
Sec. 2 Tested Oil, | Mil- and Extensions 
Sur- | T¥P- ee U.8.| lions |e 
vey S| 3 Bbl.| Cu. | 
& Ft. | 2 
146) Franklin..... 19; 58 | 2E /|8,102/ St. Louis Adams Oil & Gas Dry 
‘ Co. 
147) Franklin..... 4] 58S | 1E |8,103) Salem Buell Dry 
148) Franklin..... 36 | 68 | 2E |3,197| St. Louis Eason Oil Co. Dry 
149} Hamilton... 32 | 38 | 7E | 3,460) Ste. Genevieve ‘ H. Weinert, Dry 
ne. 
150| Hancock..... 1} 3N] 5W|_ 568) Hoing Callihan et al. Dry 
151| Hancock. 11 | 4N{ 5W|_ 581} Hoing Forrest Groves Dry 
152) Hardin....... 30 | 11S | 8E | 2,345) ‘‘Trenton” Maretta Oil Co. Dry 
153} Iroquois. .... 14 | 26 N | 12 W | 1,096) Maquoketa Whittet et al, Dry 
154| Jackson...... 20|} 75 | 4 W | 4,144! St. Peter peer yar Oil & Dry 
as Co. 
12 78 | 2 W} 1,891) ‘‘McClosky”’ T. T. Eason Dry 
Ty 7S 2 W | 2,007| Ste. Genevieve W. R. Hayes Dry 
33 6 N | 14 W | 3,018] Ste. Genevieve oi Prod. & Dry 
ef. Co. 
20 | 8N|10E | 4,139) Devonian Hoffman et al. Dry 
7| 6N]! 9E | 2,540) Chester Richard Eke Dry 
3 6N | 9E | 2,708) Lower Chester Obermayer et al. Dry 
33 | 7N| 9E | 38,210) St. Louis ciate! Oil Dry 
0. 
162) Jasper... .... 30 | 8N/|10E | 2,694! Ste. Genevieve | Borah et al. Dry 
163) Jefferson... . . 10 18 | 2E | 2,000} Bethel Carter Oil Co. 73 Dix? 
164) Jefferson.....| 23 48 | 3E |3,150/ Ste. Genevieve Boned uee trees Dry 
0. 
165) Jefferson. .... 15} 18 | 1E | 1,959} Bethel Dee & Jordan Dry 
166| Jefferson..... 6 28 | 2E | 2,467) L. Mississippian Pahes & Tom- Dry 
erlin 
167| Jefferson... .. 16| 28 | 1E | 2,380) St. Louis Dee et al. Dry 
168) Jefferson... . . 7| 18 | 38E | 2,200) Lower Chestery | Hausman et al. Dry 
169| Jefferson..... 6/18 | 1E | 1,840] Cypress Crosby & Gill Dry 
170) Jefferson, ... . 6] 18 | 1E | 2,132) Ste. Genevieve | J. O. Gill Dry 
171| Jefferson... . . 4| 2S | 2E | 2,552| Ste. Genevieve | Kingwood Oil Co. Dry 
172) Jefferson..... 5 1S | 2E | 2,010) Cypress ae Hanna et Dry 
al. 
173] Jefferson... .. 20 | 48 |] 3E | 2,911} Fredonia Dee & Foltz Dry 
174) Jefferson.....| 20 | 48 | 3E | 2,653) Chester Dee & Foltz Dry 
175) Jefferson... . . 25} 48 | 2E /| 3,003) St. Louis Nollem Oil & Gas| 12 Ina 
0. 
176} Jefferson... .. 1} 18S | 1E | 1,840} Bethel tae Jennings et Dry 
: al. 
177) Jefferson.... . 6] 18 | 1E | 1,163) Pennsylvanian | V. O. Lewis Dry 
178} Jefferson... . . 2) 28 | 1E | 2,413) St. Louis J. G. Buell Dry 
179| Jefferson. ... . 5 | 38 | 4E /3,167| ‘‘McClosky” J. G, Buell Dry 
180} Jefferson... .. 22} 28 | 1E | 2,263) ‘‘McClosky” Mieesols Petro-| 217 Roaches 
eum Co. ti 
181) Jefferson... .. 16} 28 | 1E | 2,958} ‘‘McClosky” ped ba Tyee 20 Elk Prairie 
il Co. 
182) Jefferson 28 | 18 | 25 | 2,238) Ste. Genevieve | Milam et al. Dry 
183] Jefferson... .. 36} 15 | 2 | 2,579) St. Louis _ A. 8. Walker Dry 
184| Jefferson..... 18 1S | 4E | 2,808) Ste. Genevieve | Minerva Oil Co. Dry 
185) Jefferson... .. 9 | 2S | 185 | 2,272) Ste. Genevieve 7 renee Oil Dry 
0. 
186| Jefferson.....| 14] 2S | 1E | 2,401] Ste. Genevieve | Luttrell & Holle- Dry 
man 
187| Jefferson... .. 27| 28 | 1E | 2,868) Salem Magnolia Petro- Dry 
’ leum Co. 
188} Jefferson..... 28 | 28 | 1E | 2,264) Ste. Genevieve | Dr. Moore et al. Dry 
189| Jefferson... .. 12| 38 | 2E | 2,822) Ste. Genevieve | W.O. Allen etal. Dry 
190} Jefferson... .. 22| 38S | 2E | 2,765) ‘“‘McClosky” Eee Petro-| 2387 Marcoe 
eum Co. 
191] Jefferson..... 20| 4S | 3E |3,150 St. Louis Parker-Price Dry 
192| Lawrence....| 20 | 4N]|11W|1,215) Bridgeport _ | Payne et al. Dry 
193| Lawrence....| 13 | 4N/ 11 W | 1,061) B. Pennsylvanian) Joe Kesl et al. 2.651 coun Russell- 
vil 
194] Lawrence....| 22 | 3N | 11 W | 2,044) St. Louis Chater Harris et Dry 
al. 
195| Lawrence....| 14 | 3N_| 11 W | 2,000) L. Mississippian | Trio Oil Co. Dry 
~ 196| Lawrence....| 23 | 4N | 11 W| 1,750, L. Mississippian Joe Kes! et al. Dry 
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TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Pro- 
Location duction 
per Day 
2 Deepest es Field Name of 
County ~ Horizon Drilled by G New Discoveries 
g Tested ; os and Extensions 
Sec. | op Ree a Oil, | Mil- 
Sur- ta: L Be. | 6 U.S.| lions | 2 
shal ced ete fie Bbl. Ca. EI 
ie ore 
i) -=] 
197| McDonough.. 2} 5N| 4W|_ 820) ‘‘Trenton” Ed Jones et al. Dry 
198} McDonough.. 6| 4N| 4W| 483] Hoing W. I. Cole Dry 
199] McDonough. . 6| 4N]} 4W| 510) Hoing W. I. Cole Dry 
200) McDonough..| 15} 7N] 3W] 815) “Trenton” John Mehmken Dry 
201) McDonough... 6| 4N] 4W|_ 511) Hoing W. I. Cole et al. Dry 
202] Macon....... 30 | 17N/ 2E | 2,992) St. Peter Sun Oil Co. Dry 
203| Macon....... 3 | 15N} 2E | 1,085! Chester Werner Bros. Dry 
204| Macoupin....} 15 | 8N | 8W| 425) Pennsylvanian American Petro- 0.623 
leum Corp. 
205| Macoupin....; 8 | 9N| 7W| 448) B. Pennsylvanian] Cross et al. Dry 
206} Macoupin....| 21 | 9N J} 8W] 500) L. Mississippian | Erie Drilling Co. Dry 
207| Macoupin....| 33 9N| 6W] 617| B. Pennsylvanian) Erie Drilling Co. Dry 
208} Macoupin....| 24; 8N| 9 W/1,755|‘‘Trenton” Boece Bros. et Dry 
209] Macoupin....| 23 | 9N]| 8W | 420) Pennsylvanian EB. McCallum et Dry 
210} Macoupin....) 15 | 11N | 8 W | 1,828) Trenton Phillips Petro- Dry 
eum U0. 
211} Madison..... 12| 4N] 9 W/ 2,093) St. Peter P eseie Oil Dry 
0. 
212] Madison..... 15 | 6N] 8 W]1,980/ “Trenton” — Marshall Spivey Dry 
213] Madison..... 9) 4N]} 8 W/1,080)| L. Mississippian | C & ee sw Dry 
ment Co. 
214| Madison..... 18 | 4N} 8W!] 400} Mississippian Penn-Ill. Devel- Dry 
opment Co. , 
215] Marion...... 35 |. 3N]| 4E | 2,765) L. Mississippian perc and Dry 
‘ayne 
216| Marion...... 12| 4N]| 1E | 1,962) Ste. Genevieve | Schriver et al. Dry 
217] Marion...... 5 | 3N] 15 | 1,494/ B. Chester Alexander et al. Dry 
218| Marion...... 29) 2N] 1E | 2,001! St. Louis is C. McBride, Dry 
ne. 
219| Marion...... 12] 4N]| 4E | 2,881) St. Louis Albachtin and Dry 
ims 
220] Marion...... 83 | 2N] 1E | 2,007) L. Mississippian Me D. Sheddon et Dry 
al. 
221| Marion...... 36 | 4N] 1E | 1,050) B. Pennsylvanian spear and Dry 
arris 
222] Marion...... 1} 3N] 1E | 1,759! Bethel Vaughn et al. Dry 
223] Marion...... 7| 38N{ 1E / 1,514) L. Chester Adams Dry 
224] Marion...... 27| 1NJ| 1E | 1,950) Bethel Samuel and Dyke Dry 
225] Marion...... 5 | 1NJ| 2E | 1,916] “McClosky” Texas Company 732 Lake Centralia- 
: Salem field 
226] Marion...... 5| 3N| 2E | 2,000) Bethel Max Conrey et al. Dry 
227| Marion...... 24 | 1N]| 1£E | 2,200) Ste. Genevieve | A. P. Potter et al. Dry 
228] Marion...... 19 | 2N] 1£E | 2,100) L. Mississippian | Morrison Dry 
229) Marion...... 22| 4N] 25 | 2,265) Ste. Genevieve Si vet Oil Dry 
and Gas 
230] Marion...... 18 | 3N] 3E | 2,230) Bethel Marion Oil Co. Dry 
231] Marion...... 2] 1N/ 1£ | 2,194! Ste. Genevieve | Harris and Brod- Dry 
us 
232] Marion...... 7| 1N]} 1£E / 1,820) L. Mississippian | J. O. Gill Dry 
233] Marion...... 9 | 1N] 18 /|1,930/ Ste. Genevieve | Parshall-Graham Dry 
234| Marion...... 1} 1N]! 1E | 1,728) Golconda Iroquois Oil & Dry 
as Co. 
235] Marion...... 5 | 1NJ| 15 | 1,823) Bethel Ann Bell Oil Co. Dry 
236) Marion...... 8| 1N| 1£E | 2,045/ Ste. Genevieve | Thompson Drill- Dry 
: ing Co. 
237] Marion...... 25 | 2N] 1E | 2,018} Bethel Carpenter & Dry 
7 Goldberg 
238] Marion...... 36 | 2NJ| 1£E | 1,920) Bethel Boyce & Welch Dry 
239) Marion...... 18 | 2N]| 4E | 2,801) Ste. Genevieve | Bonnie Oil & Gas Dry 
. ‘0. 
240) Marion...... 2} 1N{_1E | 900) Pennsylvanian | Blalack & Gray Dry 
241] Marion...... 3 | 1N{-1E | 1,682) Cypress Ann Bell Oil Co. Dry 
242) Marion.,.... 5 | 1N{ 1E | 887) Pennsylvanian | Cole & Simmel Dry 


3 Gas well for local use. 
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TABLE 2.—(Continued) : 


Ea a en 


Important Wildcats Drilled in 1938 


F Tnitial Pro- 
Location duction 
per Day 
= Deepest —_—_____ Field N f 
County a Horizon Drilled by Gq New Diewyaries 
g | Tested : aes and Extensions 
ec. | mp. & Oil, | Mil- 
Sur- | [P- | Ree. | 8 U.S.| lions | 3 
vey) “Oe | one: | Bbl. | Cu. | 3 
S Ft. | § 
243) Marion...... 12} 1N| 1£ | 2,026! Paint Creek J. L. Gardenhire Dry 
244} Marion...... 10 | 1N{ 32 | 2,133] Chester Cattani et al. Dry 
245] Marion...... 19 | 1NJ| 3E | 2,303) L. Chester * Ei. Dalton Oil Dry 
: 0. 
246} Marion...... 10 | 2N] 148 /| 1,710) L. Chester Boyce et al. Dry 
247) Marion...... 11 3N] 2E | 2,331] ‘McClosky’’ pirate & Dry 
4 treetor 
248] Marion...... 23 | 3N| 21 | 2,453) Ste.Genevieve | Max Pray Dry 
249| Marion...... 20 | 4N} 2E | 1,652| L. Chester Newman et al. Dry 
250] Marion...... 22} 4N] 225 | 1,550] L. Chester Wigoso Oil & Gas Dry 
Yo. 
251! Marion...... 12 1N/ 1E | 2,315] Bethel Blair et al. Dry 
252) Marion...... 30 | 1N| 2E | 1,835} Golconda Tom Boyce Dry 
253) Marion...... 15 | 1NJ| 4£ | 2,680) B. Chester Dalton Oil De- Dry 
5 velopment Co. 
254] Marion...... 1 2N} 18 | 2,131] Ste. Genevieve | Richland Corp. Dry 
255] Marion...... 5} 2N] 2E | 2,195) Ste. Genevieve we Valley Steel Dry 
0. 
256] Marion. ..... 5 | 2N] 2E |} 2,192) ‘‘McClosky” W.S. Tatum Dry 
257| Marion...... 6 | 2NJ| 4E | 2,850] Ste. Genevieve | Garnier Bros. Dry 
258| Marion. ..... 24] 3N] 3E | 2,560] St. Louis - Devonian Oil Co. Dry 
259] Marion...... 24! 4N] 2E | 2,005] Bethel eer Oil Dry 
0. 
260] Marion...... 26 | 4N] 2E | 2,211] ‘‘McClosky” Conrey et al. Dry 
261] Marion...... 1| 1N}] 1E | 2,202) Ste. Genevieve | J. J. Broadus Dry 
262] Marion...... 16 1N} 1£ | 1,910} Bethel Dr. Freee & Dry 
Ashby 
263] Marion...... 8| 2N] 2E | 2,261) Ste. Genevieve BH Hollmans et Dry 
al. 
264| Marion...... 20 | 2N]/ 3E | 2,501) Ste. Genevieve | Pyramid Petro- Dry 
; : leum Corp. 
265} Marion...... 16 | 3NJ| 2E | 2,351] Ste. Genevieve | Bob Garland Dry 
266) Menard......| 24 | 19N] 5 W/ 1,570) “‘Niagaran” Scroggins et al. Dry 
267] Monroe...... 10} 38 |11W} 780| St. Peter Fernwald et al. Dry 
268] Montgomery.| 29] 8N/ 5W!] 849] St. Louis : Bill Casseday Dry 
269) Montgomery . 4/ 8N] 5W]_ 821)L. Mississippian | Baker et al. Dry 
270} Montgomery.) 29} 8N| 5W| 905 Pennsylvanian | Meyers et al. — 0.084 
271) Montgomery . 3] 8N{/ 5W|] 758} B. Pennsylvanian} Baker & Martin Dry 
272| Montgomery. 4| 9N| 4 W/ 1,250) Ste. Genevieve | Joe Kesl Dry 
273| Montgomery.| 10 | 10N/ 1 W | 1,610} Bethel _ | Swords et al. Dry 
274) Montgomery.| 32 | 8N]| 5 W/] 700/ B. Pennsylvanian Meyers & Gra- Dry 
am 
275) Morgan...... 8|/15N] 9W| 440! Warsaw Judd & Sons Dry 
276] Morgan...... 33 | 14N{ 8 W / 1,685) Trenton Waverly Oil Syn- Dry 
dicate, Ltd. 
277| Morgan...... 25 | 15N | 9W/1,590) Trenton Alexander Oil Co. Dry 
278] Morgan...... 25 | 15N} 9W/] 450} L. Mississippian | Alexander Oil Co. Dry 
279] Moultrie... .. 18 | 13N] 6£E | 2,005} St. Louis Ralph Neely et al. Dry 
280} Moultrie... .. 22 | 15N| 6E | 1,866) Bethel Continental Oil Dry 
0. 
281] Perry........ 10 | 65 | 3 W/ 1,643) Ste. Genevieve donee Petrol. Dry 
/0. 
282) Perry........ 22 65 | 2 W/1,769| Ste. Genevieve ace Petrol. Dry 
0. 
283)-Perry........ 17/ 65 | 1 W} 1,832) St. Louis _ Eason Oil Co, Dry 
CATA: 4 9 oa 6 | 58 | 1 W | 1,605) Ste. Genevieve | L. C. Simmel Dry 
285] Perry........ 27) 5S | 1 W | 2,636) Ste. Genevieve | Bert Fields & Dry 
Rockhill Co. 
DAT |e tat 7 rp 17 | 18N) 6£ |38,021) ‘‘Trenton” Max Pray et al. Dry 
287) Pope......... 12 | 118 | 5E | 1,760) Chester iis Whitlock et Dry 
al. 
288] Randolph.... 3] 45 | 5W|3,640 Joachim Mabee et al. Dry 
289) Randolph..../ 28 | 6S | 6W}] 716 L. Mississippian Hea Oil and Dry 
as Co. 
- 290} Randolph....; 4] 5S | 6W}| 380) Chester S. B. Schlosburg Dry 


4 Gas well for local use. 
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TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Pro- 
Location duction 
per Day 
3 Deepest Se Field Name of 
County “a Horizon Drilled by New Discoveries 
3 Tested , | Gas, and Extensions 
Sec, T Ria a Oil, | Mil- 
Sur- tar in Qa U.S.| lions | 2 
vey eo 8 a Bbl. | Cu. a 
ee Ft. | 3 
& o=1 
291| Randolph....| 29 | 48 | 7W]_ 508/L. Mississippian | Dr. Seward et al. Dry 
292| Randolph....| 12] 58S | 9 W/ 1,910) St. Peter Ames Drilling Co. Dry 4 
293| Richland..... 21); 3N] 9E {3,121 pes peg § Max Pray et al. 139 Noble extension 
sand” 
294| Richland..... 28 | 3N]| 9E | 3,064) Ste. Genevieve re Prod. | 2,192 Noble extension 
efiners 
295| Richland..... 5 | 3N|10E | 3,124) Ste. Genevieve | Papoose Oil Co. Dry 
296] Richland..... 2} 4N/10E |38,158) St. Louis Gulf Oil Co. Dry 
297| Richland..... 34 | 4N/10E | 3,099) Ste. Genevieve ose and Dry 
erman 
298] Richland..... 29 | 4N| 9E |3,180| Ste. Genevieve | American Ex- Dry 
ploration Co. 
299] Richland..... 26 | 4N|10E | 3,036) ‘‘McClosky” Pyramid Petrol. | 1,000 Olney 
orp. 
300} Richland..... 23 | 3NJ| 9E | 8,080) ‘‘'McClosky” a Nat'l 20 Noble extension 
rill. Co. 
301} Richland..... 7| 2N] 9E | 2,984! ‘*McClosky” J. V. Wicklund | 1,053 Schnell 
302] Richland..... 26 | 4N! 9E | 2,929) Cypress Pure Oil Co. 514 Noble extension 
303} Richland..... 21} 4N|10E |38,208| Ste. Genevieve | Wicklund De- Dry 
velopment 
304] Richland.... . 35 | 4N/10E |3,141| Ste. Genevieve Kingwood Oil Co. Dry 
305] St. Clair..... 27| 1N/10W| 472) ‘‘Trenton” ee Oil & Gas} 100 Dupo extension 
0. 
306) St. Clair..... 27) 1N|10W] 523) “Trenton” gn Oil& Gas} 65 Dupo extension 
0. 
307] St. Clair... .. 13 | 28 | 6 W} 1,012) Ste. Genevieve | Group Oil Corp. Dry 
308| St. Clair... .. 20} 2N]| 6 W/ 1,023) St. Louis Neil et al. Dry 
309] St. Clair..... 31 | 18S | 7 W/ 1,234) L. Mississippian | Mossbaugh Dry 
310] St. Clair... .. 28} 3S | 6W|_ 895/L. Mississippian | Group Oil Co. Dry 
311] Saline....... 3 | 10S | 6E | 1,502) L. Chester is J. Rodgers et Dry 
al. 
812] Saline....... 12} 88S | 6E | 360) Pennsylvanian C. F. Bolton : Dry 
313] Saline....... 13 | 98 | 7E | 2,601| L. Mississippian | Bolton et al. Dry 
314| Sangamon....| 24 | 15N| 7 W | 2,257! St. Peter Walter Wittlin- Dry 
ger 
315| Schuyler... . . 27} 2N] 1W|_ 850] ‘‘Niagaran” O. D. Arnold et al. Dry 
316] Shelby....... 19 | 10N | 4E | 2,012) Ste. Genevieve | Whisenant and Dry 
Henshaw 
317| Shelby....... 4|11N] 35 | 1,951) Ste. Genevieve | Milan et al. Dry 
318| Shelby.......| 27 | 12N | 3 | 1,804) Ste. Genevieve | Cypress Oil & Gas Dry 
0. 
319| Shelby....... 25 | 11N} 2£E | 1,886) Ste. Genevieve | Borah et al. Dry 
320] Shelby... 17 | 12N | 4E | 2,072) St. Louis Kingwood Oil Co. Dry 
821] Shelby....... 16 | 12N}| 4E | 1,921| Ste. Genevieve | Simar Oil Co. Dry 
322| Shelby....... 30 | 12N] 4E | 1,865/ Bethel O. J. Connell Dry 
323] Shelby....... 9] 9NJ| 3E | 2,008) Ste. Genevieve | A. A. Baker Dry 
324] Shelby....... 15 | 9N] 3E | 1,716! Bethel Paul Braner et al. Dry 
325] Shelby....... 4/ 9NJ| 3E |1,677| Bethel Roy T. Moore & Dry 
Black 
326] Shelby....... 24} 10N]| 3E | 1,702) Cypress Dan Moore et al. Dry 
327| Shelby....... 26 | 10N] 4 £ | 1,900) Basal Chester Ogg & Joly Dry 
328| Shelby....... 32 | 10N | 4 | 1,920] Ste. Genevieve | Black et al. Dry 
329) Shelby....... 1} 9N| 4E | 2,129} St. Louis Kingwood Oil Co. Dry 
330] Shelby 3 | 10N| 5E§ | 2,175] Ste. Genevieve | Jackson & Fisher Dry 
331| Shelby.......] 8] 12N | 2E | 2,094) L. Mississippian | W. 8S. Tatum Dry 
332| Shelby.......| 84 | 12N] 4E | 2,012) “‘McClosky” Prunty Produc- Dry 
Be ing Co. 
333| Vermilion....| 13 | 18 N | 14 W | 1,480) ‘‘Niagaran” A. M. Meyers et Dry} ° 
al, 
334| Wabash...... 25 | 18 | 13 W | 2,635) Ste. Genevieve | Hayes & Myer Dry 
335} Wabash...... 28 | 1N | 12 W/ 1,501} Biehl Cecil Kneipp et Dry 
al. 
336] Wabash...... 9] 18 | 12 W } 1,515) Biehl Myers et al. Dry 
837) Wabash...... 31 | 1N | 12 W | 2,408) L. Mississippian | Harry T. Martin Dry 
338} Wabash...... 12 | 1N | 13 W | 1,753) B. Pennsylvanian’ Charles Foreman Dry 
339) Wabash...... 13 | 18 | 13 W | 8,500) L. Mississippian | Guilde & Jones Dry 
340) Warren...... 35 | 12N|) 1W)] 495 ‘“Niagaran” W.C. & W. Co. Dry 
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Important Wildcats Drilled in 1938 
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. Initial Pro- 
Location duction 
per Day 
z= Deepest 3 Field Name of 
County ‘3 orizon Drilled by G New Discoveries 
See = Tested Oil ML and Extensions 
‘| Twp. | Ree ® il, | Mil- 
Sur- Lat. |Long.| © U.S.} lions | 
vey : 3 Bbl. | Cu. 4 
x) Ft. | B 
SS [a= 
Warren...... 26; 8N| 1W] 875) ‘‘Trenton” L. Hi Ketchende Dry 
et al. 
Washington..| 28} 18S | 4 W/ 1,087] Bethel Meet Vickers & Dry 
atton 
Washington..| 16 | 3S | 2 W/ 1,426] B. Chester B, “et Bitterman Dry 
et al. 
Washington..| 22} 1S | 1 W/ 1,925] L. Mississippian SS os Dry 
0. 
Washington. . 8| 18 | 3 W} 1,499) L. Mississippian | Cox et al. Dry 
Washington. . 4 | 28 | 5 W / 1,288) L. Mississippian | Morris et al. Dry 
Washington..| 11 1S | 1W/ 1,080) B. Pennsylvanian canes Oi & Dry 
uel Co. 
Washington. . 6| 88S | 2 W | 1,443) Bethel S. Townsend et al. Dry 
Washington..| 25 1N| 1 W | 1,425) L. Chester C. E. Phelps Dry 
Washington..| 31 IN| 2 W/1,715| L. Mississippian | Schlafly et al. Dry 
Washington..| 33 18 | 5W| 900) Bethel G, A. Morris Dry 
Washington..| 19 | 1S | 5 W/ 1,683) Ste. Genevieve ahenpere Drill- Dry 
ing Co. 
Washington..| 30] 1S | 5 W/1,422) Bethel | Venture Oil Co. Dry 
Washington..| 16} 3S | 2 W/1,618) Ste. Genevieve | Bitterman et al. Dry 
Washington..| 29 | 3S | 5 W/1,517|L. Mississippian | E. C. Lang Dry 
Washington...) 12} 18S | 1 W |} 1,680} Bethel Morris et al. Dry 
Washington. . 7| 2S | 3 W/ 1,475] Ste. Genevieve | Hall et al ; Dry 
Washington...) 19 | 35 | 1 W/3,537| Bethel Phoryece Drill- Dry 
ing Co. 
Washington..| 12) 1S | 3 W|1,551| Ste. Genevieve | L. J. Gordon Dry 
Washington..| 10 | 3S | 4 W/ 1,373] St. Louis J. B. Oberholtzer Dry 
Wayne...... 16} 38 | 7E | 3,287) ‘*McClosky” Texas Oil Co. 400 Aden 
Wayne...... 14| 1NJ] 9E | 3,273) Ste. Genevieve |B. C. Morrison Dry 
Wayne...... 21 | 1NJ| 5E | 3,200) Ste. Genevieve | Tarpon (Ken- Dry 
nova) Oil Co. 
Wayne...... 30 18 | 5 E | 8,250) L. Mississippian | Gulf Refining Co. Dry 
Wayne...... 33 | 25 7 E | 3,325] ‘‘McClosky”’ - H. Weinert, | 400 North Aden 
ne. 
Wayne...... 16} 38 | 9E |38,488) ‘‘McClosky” pues Oil & 150 Leech Twp. 
as Co.., 
Wayne...... 21) 2S | 7E |38,443) Ste. Genevieve H H. Weinert, Dry 
ne. 
Wayne...... 8| 28 | 8E |3,394| ‘‘McClosky” ee eee & Dry 
okes 
Wayne...... 8 | 3S | 9E |3,500| Ste. Genevieve | Al Stengle et al. Dry 
Wayne...... 33 1S | 7E |38,336) Ste. Genevieve | Roche & Voyles Dry : 
Wayne....:. 2{/ 18 | 8E |8,100] Ste. Genevieve | A. P. Muhlbach 48 Mt. Erie 
Wayne...... 4| 28 | 7B | 3,269] Ste. Genevieve | Roche & Voyles 401 Boyleston 
White........ 26| 58S | 9E |38,210| Ste. Genevieve | Mazda Oil Corp. Dry 
White... 2... 3 | 5S | 9E |3,408] Ste. Genevieve | Palmer Corp. Dry 
White....... 12} 78 | 8E | 38,065] Ste. Genevieve irae Petroleum Dry 
‘0. 
White....... 12) 48 | 9E | 3,919] Salem ; Sun Oil Co. Dry 
Williamson...| 4 | 10S | 2 /| 2,100} Ste. Genevieve yore Oil Syndi- Dry 
cate 


Number of wells drilling Dec. 31, 1938... ...........0seceeeseee cece eeeeees 
Number of oil wells completed during 1938............... 0+ .e eee ee essen eens 
Number of gas wells completed during 1938.............. 0.0 .eeeeeeee ones 
Number of dry holes completed during 1938............-. 0.000 ccc eeeeees 


In Proven Fields | Wildcats* 


* One-fourth mile or more from production. 
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TABLE 3.—Summary of Drilling and Initial Production in I llinois for 1938 


Number of Wells Total Initial Footage Drilled in 1938 


Drilled in 1938 Production 


Total ? 
oe, Maced Producing _ Oil, Bbl. Millions Total Poa 
pleted | Oil | Gas Cu. Ft. 
Bond t.iis.os 08 ee ee ee 12 1 it 15 0.1 20,292 2,779 
Browniics Pitcs.c+ sees 2 0 0 0 0.0 1,215 0 
Bitreat sea oe comes cohen ee 2 0 0 0 0.0 1,797 0 
Canes onosieracicc} eet tiie teens 1 0 0 0 0.0 585 0 
Champaign=.ceseeeeee eee 5 0 22 0 1.6 3,305 0 
Christian sees Bore eres Siiae 4 0 0 0 0.0 5,595 0 
Clarksn sq shrorinieeten. lewis 24 ré 3? 111 0.9 17,585 4,607 
Clayiscrats jn arlyere pee ete e ene cece tia 153 141 0 65,970 0.0 469,074 430,398 
Clintonthiercsinccrcchies ote mevee 444 398 0 54,228 0.0 610,632 542,219 
ColenSrrvesrncis Actor cee eink 7 0 0 0 0.0 14,740 0 
Cra wird ererscee eves abeecis.aceieke 191 ‘f 3 32 0.3 23,717 9,801 
Otimberlaridad.s act octet ciclen 5 0 0 0 0.0 12,547 0 
MOAG AT. msiatar re Rene ope deoaieia ols 5 0 0 0 0.0 6,688 0 
FUTON NAM eee, s sete oes ok tae ae 8 0 0 0 0.0 22,240 0 
ERY OLLe totic stan send cio etoasc 575 509 12 117,094 4.04 910,818 804,573 
Hrankiini neceeieen etic on 6 0 0 0 0.0 657 0 
BC Oiisanecsraraieeereieee net. ay otsciston 1 0 0 0 0.0 18,706 0 
Hamilton cae eaaee beats ae wear 1 0 0 0 0.0 3,460 0 
Hancookic. trac. le ice cee rk 2 0 0 0 0.0 1,099 0 
FRAP Ga citations ores carlo nico eterage 1 0 0 0 0.0 2,345 0 
ETO O1S Maree hic ayeree se he ete cts 1 0 0 0 0.0 1,096 0 
JACKSON weroens cigltnvoe bye cherie 3 0 0 0 0.0 8,042 0 
I ABD ON rerscracte Abe hee scutievain ae 6 0 0 0 0.0 15,609 0 
Joftercouln wemcch aber ns, caee ein 68 40 0 9,031 148,432 82,099 
EL BWEOMCA sna. s:n Octsieiets icles ee ate 36 10 153 342 | 151.0 48,666 33,543 
MoDonough*. canes cn. ce 7 2 0 3 0.0 4,008 869 
Wa COn scars, dcp: <earcrae eee 2 0 0 0 0.0 4,077 0 
Macoupinin. 1c ine aeirctes ston oo 9 0 22 0 1.4 6,983 865 
Madison cwcatcen ene actrees 4 0 0 0 0.0 5,553 0 
Marton ns ae ses odin echoes 729 643 0 191,766 0.84 | 1,258,330 | 1,096,453 
Menards saeco eretr eerie so 1 0 0 0 0.0 1,570 0 
MONT OGkuni a. ocr mee 1 0 0 0 0.0 780 0 
IM OntROmoryans. cc Acts wats, Se etewste “i 0 12 0 0.1 6,893 905 
ML Organin werde cco ca stiS Oe ic 4 0 0 0 0.0 4,165 0 
MoultiriGimn min steht atte et ch 2 0 0 0 0.0 3,871 0 
Parry een nie tn) at aon mee 5 0 0 0 0.0 9,485 0 
Pi at tien satire rac ete aL, hits 1 0 0 0 0.0 3,021 0 
PODS went acinwan aire cee ce 1 0 0 0 0.0 1,760 0 
Raul... soonest aia eee 5 0 0 0 0.0 7,124 0 
Riohlandlavcrsek aces cmos, watteicten 180 135 0 68,825 0.0 560,371 412,661 
StiClatr san sees ciceucntiict anee.e 11 5 0 745 0.0 7,787 3,623 
Baling sstic «tales ve eanonera west 4 0 ty) 0 0.0 4,463 0 
BAD RAMON a2. as Ee te ry 1 0 0 0 0.0 2,257 
Scnuyleincsiavansen cee - 0 0 0 0.0 850 0 
Bhelbys seus ccc srt, cote 17 0 0 0 0.0 32,844 0 
Vermidions...3: war asain siete 1 0 0 0 0.0 1,430 0 
Wabaaireta's eiaomaatint acne 23 6 0 225 0.0 38,627 9,328 
Warren rot om.ast rc sis. ee aioe 2 0 0 0 0.0 1,370 0 
WIREDIN ETON «acces erie ee 19 0 0 0 0.0 29,544 0 
WV ROM trar os oid atetacar ase sheet 107 80 0 35,571 0.0 334,740 246,673 
WBICG tr ea unico eatery eet eoree 4 0 0 0 0.0 13,602 0 
Williamson, ancien. ite eae 1 0 0 0 0.0 2,100 0 
ORR eete coeu lt ac coos 2,539 1,984 26 543,958 | 160.2 | 4,766,047 | 3,677,373 


1 Includes two pressure wells. 

? Gas used on the lease and for local heating and lighting. 
3 Two wells producing gas, which is used on the lease. 

4 Gas produced with the oil. 
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TABLE 4.—Total Initial Production of Wells Drilled in New Fields for 1938 
ne ee Se, EE a Aen Oe Leen 


Field Barrels Field Barrels Field Barrels 
IPatoksiea seeah ae DSO LUG neon tes fel, 65,1401 Ob, James. , «.0... 3,638 
Cla VACiiven a fan (MU ehesa PACs Ge cone doen 1,165} Roaches.......... 464 
TRouneenga bees ies 5 Baie ae O}-Bloran hakeraiarcos 2,101} Elk Prairie....... 20 
Noble ion essa. « OL; O9Gischnellk. (5.25... 2,663] Sorento.......... 15 
(OUETINDS 3 ates ee ees 12,013] Lake Centralia- Boyleston........ 1,203 
Centralia (New)...| 78,157] Salem........... 165,588] Marcoe.......... 204 
Beecher City-Lou- Ingen 200] Mt. Erie......... 48 

CIC a eee 113,456) North Aden...... 19,435 
MING yer ict sie 14,166} Leech Township.. . ZSSS || ADEN a hos cae 546,900 


TaBLE 5.—Wells in the New Fields, December 31, 1938 


Field, County ving ale re stand Rigging ne Acres 

IPatoka ee arvon emsen eri: oie 1042 20 0 0 0 0 465 
Clay City, Clay, Wayne......... 222 | 16 3 7 1 3 4,750 
HRIMALGaw Oy Ose rtwaiese clays orcs il 2 0 3 0 1 10 
Noble, Richland 5... 230: Sees <8 1453} 29 0 2 1 0 3,150 
(CHING ol) LOTT] We aren OC ee ene 25 6 3 0 1 1 575 
Centralia (New), Clinton, Marion| 526) 36 2 15 1 1 2,000 
Beecher City-Louden, Fayette...| ‘488| 25 Als 67 12 2 | 15,860 
(OUNTGS TAG he arene n ites SOOL 30; 11 2 1 0 0 380 
IDPs po KARE ne ore Cha ieee Gs ce 35 0 1 1 0 0 615 
Nlemse Wt tamer. /« octetkalenseotniel sxe 4 2 0 0 0 0 160 
LOT a CLAY a c.0 eos «aio sepsis, te 9 2 2 3 0 0 140 
Schnell shichland 16... a 4 5 0 0 0 0 40 
Lake Centralia-Salem, Marion..| 480] 17 24 97 11 23 7,520 
HC CLSOM en ahe oot t ie sobs, scien 1 2 0 0 0 0 10 
North Aden, Wayne............ 40 4 1 3 1 2 690 
Leech Township., Wayne....... 2 0 0 0 3 0 20 
St AM CSP COUCLLC... genes ae ee ures 24 0 4 3 0 3 270 
Roaches, Jefferson.............. 2 0 uh 2 0 1 20 
Elk Prairie, Jefferson........... 1 0 0 0 0 0 10 
SOLGMtO, 301d sew. oe tools a eiewr 1 0 0 0 0 0 10 
Boyleston,, Wiayie.\a ceo > 1 0 2a 0 0 0 10 
IManeoe nd ef ensort. variate eee 1 0 0 0 0 0 10 
Mt. Erie, Wayne. . ae 1 0 0 (0) 0 0 10 
Russellville (gas), Titorenicee ren. 15 5 0 2 0 1 500 

2,157 | 182 63 | 206 31 38 | 37,225 


1 Within 14 mile of production. 
2 Eleven producing wells were abandoned during 1938. 
3 Hight producing wells were abandoned during 1938. 
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TaBLE 7.—Completions and Production in Illinois 


from January 1, 1937 to December 31, 1938 
Fes ee A ce a 


Ne benoE Production, Thousands of Barrels 
Date Completions | Producing 
Wells f ‘ 

New Fields | Old Fields! Total? 

1937 
Ja ATV Anette. oe 4c 5 i] 368 368 
MOOTUATY ©. ccce ele os a | 6 6 343 343 
Viagem ee | 9 5 410 410 
AN TONTStN 08 Ricci hie ee aera ae 15 8 386 386 
Se ee a | 14 10 416 416 
Teeter eet ae ret ty Nat Ae 22 16 53 410 463 
Pd A a ae nee Rat 27 18 120 410 530 
PANIC USURE fom we cay. 49 31 266 408 674 
September............. 92 63 452 397 849 
OCOD ENE sea a tS en ss 76 56 520 392 912 
INowemlbersey.)s. osccce.8 | 73 41 592 398 990 
Mecemberen she.) san. 4a) 61 oO 755 330 1,085 
449 292 2,8848 4,542 7,426 

1938 
SPEDE W ois cine Repel eee ee 57 40 809 319 1,128 
del ova Win a os nee ne 59 35 778 330 1,108 
INiprcliver as eek c ke. 4 107 82 918 412 1,330 
IN Gy al (eee. See as ee 89 val 1,061 327 1,388 
iG ONG Roe ee ach aan CO gh ae 122 107 1,076 364 1,440 
NT Cheek earn cs Pas 192 147 1,093 369 1,462 
ARUN Sse ene teen ee 176 136 1,284 358 1,642 
PAA OUISG .eeccks esas aaa cs 207 149 1,691 371 2,062 
Beptembers 7.2.5. 020. 255 199 2,194 359 2,553 
OCLOMER ry irik aaee oer 431 345 2,431 337 2,768 
November... . scans. +>: 394 330 2,722 345 3,067 
December... ..2¢<.2:% 452 369 3,608 373 3,981 
2,541 2,010 19,665 4,264 23,929 


1 Difference between total production for the new fields and the U. S. Bureau of 


Mines total. 
2 The figures in the total production are from the U. 8. Bureau of Mines. Other 


figures are from various sources. 
’ This figure is greater than the total by months because monthly production 


figures from the new fields were not available until June 1937. 

Gas was first discovered in the vicinity of Russellville, Ill., in north- 
eastern Lawrence County, on March 17, 1937. The Warren Hastings 
et al., Lagow No. 1A, drilled in sec. 30, T. 5 N., R. 10 W., obtained 
production in a Pennsylvanian sandstone at a depth of 619 ft. The 
initial production was 824,000 cu. ft. Another producing well was drilled 
in the same section a short time later and four dry holes were drilled 
offsetting the two producers. The Kentucky Natural Gas Corporation 
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of Owensboro, Ky., constructed a 3-in. line from the Oaktown, Ind., 
gas field to take the gas from these wells. ; 

In July 1938, the Joe Kesl et al., Scott Gray No. 1, drilled in sec. 
13, T. 4 N., R. 11 W., obtained production in the Buchanan sandstone 
at a depth of 1061 ft. The initial production was 2,651,000 cu. ft. The 
well was deepened a few feet in the sand and the production was increased 
to 16,000,000 cu. ft. Thirteen producing wells were drilled in the field 
during 1938, and drilling activity is still continuing. The highest 
initial productions were from 20 to 30 million cubic feet and the average 
for all of the wells was 14 million. The present field includes the N¥4 
of sec. 13, the S14 of sec. 12, T. 4 N., R. 11 W., and the SW of sec. 7, 
T. 4.N., R. 10 W. Deeper potential oil-producing and gas-producing 
formations have not been tested in the field. The northwest edge of the 
field has been fairly well defined by three dry holes. ‘The proven acreage 
in both fields at the end of the year totaled 500. 

The Kentucky Natural Gas Corporation during 1938 replaced the 
3-in. line from Oaktown to sec. 30, T. 5 N., R. 10 W., with a 6-in. line, and 
constructed two 4-in. lines to the Buchanan sand field. 

An analysis of the gas from the north field shows that the gas is 
composed mainly of methane with only a trace of ethane, less than 1 per 
cent carbon dioxide and a small percentage of nitrogen. The gas from the 
south field is also composed largely of methane with a small percentage 
of ethane, nitrogen and carbon dioxide. The B.t.u. value of both gases 
is approximately 950 per cubic foot. 


IMPROVED REcovERY MeEtTuHops 


Repressuring.—Little new work was undertaken by the oil companies 
during 1938 to increase recovery of oil in the old fields of Illinois. Prac- 
tically all of the previous repressuring plants were continued in operation. 

In the Carlyle pool, Clinton County, a water-flooding operation was 
discontinued in October 1937, and air repressuring started, using the same 
input wells previously used for water in December 1937. Continuous 
operation of the pressure plant began in February 1938. 

In the Louden (Beecher City) field the Carter Oil Co. has undertaken 
pressure maintenance with gas produced from their leases in sec. 15, 
T.8 N., R.3 E. Five input wells were drilled in the section (five-spot). 
Both the Cypress and Bethel sands are repressured in each well. A 
packer is set below the Cypress sand and the gas to the Bethel sand 
passes through tubing, whereas that to the Cypress is from the casing. 
The casing is perforated for both sands. The project is just getting 
started and no results have been noticed, as the adjacent producing 
wells are prorated. An average of about 15,000 cu. ft. of gas is injected 
into edch sand per day. Two 300-hp. compressors are being used. 
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It is reported that a similar pressure-maintenance project is planned 
by some of the operators in the Salem pool. 

Acidization.—Ten acidizations were reported in the old southeastern 
field, of which seven yielded substantial increases in production and 
three yielded no increase. Acidizing is standard practice in completing 
wells in the central basin fields producing from the McClosky. 


PETROLEUM CONFERENCE 


The sixth annual conference of the Illinois-Indiana Petroleum 
Association was held at Robinson, June 4, 1938, and was attended by 
more than 400 persons. The technical sessions included papers on 
geology and field operating problems. 


OUTLOOK 


Drilling development exceeding that of 1938 may be expected in 
1939. Multiple sand production is proved in the Salem and Louden 
fields, which will require the drilling of many additional wells. The large 
amount of wildcat drilling will doubtless result in numerous discoveries 
of new fields in 1939. 
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Oil and Gas Developments in Indiana during 1938 


By Raupy E. Esarey* anp G. F. Frxf 
(New York Meeting, February, 1939) 


Tue oil and gas industry in Indiana in 1938 showed considerable 
improvement over the preceding year. Most of the drilling and develop- 
ment during the year, as in the past several years, was in the Indiana 
portion of the Illinois Basin, but increasing interest was apparent in the 
old Trenton area, for possibilities of further production in the Trenton 
formation and the underlying St. Peter sandstone. Interest in all other 
portions of the state was at a new peak, since many areas have never 
been prospected. Natural gas production continued to drop during 
1938, since new discoveries have not been able to keep pace with the rapid 
decline in older areas. Oil production increased considerably, chiefly 
through the discovery of new fields. Older fields contributed about the 
same quantity of oil during 1938 as during the preceding year. 

There were 159 wells completed in Indiana during 1938, an increase 
of 25 over the preceding year. Of these, 48 were oil wells, 41 were gas, 
and 70 failed to find commercial production. Forty-three, or about 
20 per cent, were wildcat. Six of these were productive—three oil wells 
and three gas wells. Thirty-nine wells on which operations started 
during the year had not been completed by Dec. 31. Fourteen others 
were temporarily abandoned, with the possibility that several will be 
drilled to completion in the near future. A new oil field (Heusler) was 
discovered in May 1938, in sees. 1 and 12, T.78., R. 12 W., Posey County. 
Production was found in the Waltersburg (Upper Chester) sandstone at 
a depth of approximately 1775 ft. At the close of the year, Heusler field 
had nine producing wells and two drilling. The Point township area, 
Posey County, near the confluence of the Wabash and Ohio Rivers, held 
promise of good production from the McClosky lime, but offsets to the 
discovery well had only shows of oil. The discovery well declined rapidly 
in production and was finally plugged. In the Oaktown field, Knox 
County, a wildcat came in with a good flow of gas, extending the field to 
the east, and proving considerably more acreage. A new gas area was. 
discovered in Sullivan County, and four good wells were completed. 
The discovery well was in sec. 35, T. 8 N., R. 10 W., and had an initial 


Manuscript received at the office of the Institute Feb. 15; tables, April 14, 1939. 
* State Geologist of Indiana, Indianapolis, Ind. 
} State Gas Supervisor, Indiana. 
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production of 2000 M cu. ft. per day from a depth of 821 ft. A test well, 
drilled to a depth of 1597 ft. in the center of Sullivan County’s shallow 
production, made a good oil well in the Salem limestone. This is the 
first commercial production in the state from that formation. The out- 
standing development of the year was the discovery of the Griffin field 
in western Gibson County. The discovery well was drilled in sec. 13, 
T.358., R. 14 W., to the McClosky at a depth of 2876 ft. Although the 
well has not been accurately gauged, because of inadequate storage, its 


TasBLE 1.—Oil and Gas Production in Indiana in 1938 


Area Proved, Total Oil Production, 
Acres ~ Bbl. 
Age, 
Field, County Years 
te End 
5 EE ares To End of | During 
a = gee 1938 1938 
=} 
Z, 
oO 
az 
= 
Homerton ar ene taycess aso claiae ot ereiselere azine intone iets 52 127,002 | 650,22 | 107,c02,202 32,002 
EMG OCHS UTE ECHL ei traokc. cals curenne © 24 isaickeatlelsis cabelas 45 0 37,202 0 0 
Loogootee, Daniess-Martin............000.0000c0eceeeees 38 302 | 1,922 
i TEL Peiioston. Wace ‘ DARREN Dg Oe AT Cn an Se ore re 35 1,622 baa 1,322,202 11,522 
OMAR OW aa OMe eA Aetcinic(cto wi eisre’Sioroseinlore genres sist aver mrs etd Saree cies 32 640 0 low,cox dan 
6 Oakland City, PAROS an oan acai tatelo len si ei.s wie are Meas 31 3,1lez er y 28,880 
USER TTISOMN AC Oy 1 MIT TSO ac la sass wz siw <)diena mia escea. ghee arene are 28 0 6,620 0 0 
8 | Shelburn-Graysville, Sullivan... 2.2.0.2. cence tee eee eee ees 27 5,0ca 1,622 6,822,200 72,0202 
9'| Union-Bowman, Pike-Gibson. cic. cece ee ee cece nee 22 4,622 baz y | 182,050 
10 | Oatesville-Wheeling, Pike-Gibson..............0.20020200-- 19 1,92x 0 y | 165,200 
HABIRA On cieilon emu mente payee rarte oes dese ets ts ai erate tera ices neta oe 19 240 960 3r0,cEL 3,960 
OMEN OUTRO GL Cit vaMAiOt. jcleeciarsiere eaves. ie ots att cuctaeWe a ceva uel o. euatebnane 16 4en 0 y 1,890 
13 | Tri-County-Somerville, Pike-Gibson..............20..0.000. 13 350 80 142,202 15,120 
7 4,080 
14 | Connelburg, Daviess........ iy: Apter sehen ae atest 13 6x2 5a y ‘ 
Sept AVG WRI ULCSGMemmne ep ta Saco cin bree tei cala nis cl tae mete avers Maid 12 400 0 ae y pea 
AGA ESTOsi Ml go-8 UH INET earch omnia vic web atid seats dered oc 12 750 0 062,022 2, CLL 
TAME roy= Mell Giby eS PENCE AL CTU ctaste sie cxricw spre cis tae uelayea) eas. 10 850 80 72,220 13,200 
18 | Rock Hill-Grandview, Spencer.......0.....0.eee cece ences 10 160 ‘ 0 oan oar 
Gals elariin om plyurenremints Sate iay ater sl sicetten.c cPerave- civic) voymueVaiersisce clas 10 20 ony 
ionvi 0 1,4ox 0 0 
DO Omionville, Monroes.|. or. science ccs e ewe eseece yg os - 9 ‘ 
DA idsOM Ville: DOVICSSs tamer. oa clei nye wale + sieis'e © fhe, sieree ele malas 9 ay Se 3 ay 6 ee 
DOPE aTCISCO; GLUSON at o.cees vice qig-neic ee waives es teinoiep nicl ax sis eure @ 9 oD a7 e 
Ok, | Babin: UCU aan oop onde opeoncnvedge Gon 7dopbnoct-aomgon 9 180 CLD Raton, 
AG @alcto wae Alo se semtedar Toe sk se cd wen iecsione edniiceieele ns 8 40 1,000 52,200 7,20n 
580 0 328,200 40 crx 
ee Vanderburgh, VanderOurgh. 2. c.ccecssesceseess sean cases ib i ‘ 
Py Pieaesvilla, Posey-V andenburgh dee dtos nape eta 4.7 350 ‘ Wee eee 
Dist Sj gMbaeAChES oy AITO NO ke pon Coe ae aatae an cae Ona oe eT OOAn teen 1.5 600 2, LoL CLE 
a lSignallens JBI aw aes es chibi aia og Ae seme uceo ana oxic gern 0.6 200 0 27,708 27,708 
Fae) Mi) URRY 8 ce a ee GE aE OR geen Reece Sea 15lercx | 701,zrx | 122,202,222 | 1,058,000 


@ Footnotes to column heads and explanation of symbols are given on page 240 
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estimated potential flow is from 800 to 1000 bbl. per day. The whole 
area will be actively developed during the next few months. 

The Prairie Creek oil field, discovered in August 1937, in south- 
western Vigo County, had 14 producing wells at the close of 1938, and 
no dry holes. Prairie Creek field is on a dome structure very similar to 
Siosi, which is about 3 miles to the southwest. Two wells were drilling 
in Prairie Creek at the end of 1938. 

In wildcat drilling, Sullivan, Perry, and Daviess Counties led in the 
order named. During the closing months of the year, however, the scene 


TaBLE 1.—(Continued) 


: Oil-produc- Character of Oil 
Total Gas Production : : Pressure, Lb. 
ste Number of Oil and/or Gas Wells} tion Methods : Approx. Average 
Millions Cu. Ft. at End of 1938] Per Sa. In? "during 1938 
During At End of Number of Average at Gravity 
1938 1938 Wells End of A.P.I. at 60° F. 
To End of | D aad 
S| To End o uring | plet iti 
=| “1938 | 1938 | tomnd |B] B] wy | wy ie. Chas 
I of 1938} 6 | 6 | -B ‘2 | Pump- Jla- 1937 | 1938 Weighted 
4 BS} es 88) ing | oS Average 
2 g]/a}]} zi /3a neous 
& S 2 te) Cy 
a ees Os) ey ee 
1| 802,crr 2az °26,5¢2 | 19 | y Qex | rr 222} Iz 825 36 
2 3,72u 125.2 36z | 5 | 17 0 | 21z 0 300 105 100 0 
3 y 48.2 58 | 0} 0 0 13 0 250 125 90 0 
4 149 1 0 52 0 5 0 0 0 35 
5 0 0 33 0| 0 1 0 1 0 0 0 48 
6 0 0 263 0} 0 26 0 26 0 0 0 22 
7|  3,8¢2 211.5| 13] 1| 0 0}. 35 0 {0 Se 0 
8 lara 32.3 1,093 | 12 | 14 344 15 lex | 2xx 110 y 35 35 
9 y 17.2 398 | 6] 7 226 3 226 y v y 33 
10 0 0 258 | O| 5 197 0 197 0 0 0 32 
11 y 74.7 92] 1| 2 7 |) ai 7 ] 75 45 38 
12 0 0 15} 0} 0 7 0 7 0 0 0 v 
13 y y 74) O48 12 vy 12 y y y 34 
14 y 0 56} 3| 3 13 0 16 0 0 0 7] 
15 0 0 73); 0] 0 27 0 27 0 0 0 uv 
16 0 0 83 2] 0 62 0 62 0 0 0 46 
17 355.4 82.3 69] 7] yv 27 9 27 200 | 175 150 37 
18 0 0 16°). Onl oy 6 0 6 0 0 0 38 
19 y 20,2 28; O| 0 0 7 0 450 35 27 0 
20 0 0 177) 40) 0 0 0 0 250 y 0 
21 y 79.4 BL 2 1 0] 16 0 275 | 175 y 0 
22 1,230.7 54.7 85} O| 2 13 7 13 690 y y 26 
23 0 0 44/ 1] y 2a 5 2a 0 0 0 33 
24 1,594.6 298.9 7%) 8) y 10 | 4a 10 325 | Qo vy 35 
25 0 0 88 | 2] 0 49 0 49 0 0 0 
26 0 0 29; 0 1 24 0 24 0 0 0 30 
27 0 0 14/10] 0 14 0 14 et) 0 0 40 
28 0 0 0", Bui 0 9 0 9 0 0 0 37 
y 
29 1,244, | 30,erz | 89 | y | 1,846 | Qar | Ijaz 
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of the greatest activity was shifting rapidly to Knox, Gibson, Posey, 
Warrick, and Spencer Counties and it is probable that these counties 


will receive the major portion of wildcat tests during 1939. 


Develop- 


ment during part of 1938 was seriously handicapped by bad weather 
conditions, but leasing and geological and geophysical prospecting con- 
tinued unabated. 
Conditions in older fields during the year 1938 were about the same 
as those that prevailed in 1937. Water in the Harrison County field, 


TaBLE 1.—(Continued) 


Producing Formation 


Deepest Zone Tested 


to End of 1938 


Depth, Average in Feet 


2 § 
3 Name Agee ~ S.8 Name Ss 
gq Bottoms of To Top of & |: |Ae] 3s Ss) 
Zz Productive Productive = 2 Bal 2 PS 
2 Wells Zone 3 o) lhe is EI 2 e 
a ola las! a ar 
1| Trenton Ord 1,050-1,250 980-1,230 | DL |Por) y | A | Pre-Cambrian 3,996 
2 | Trenton Ord 907 886 DL - or} y | A | Pre-Cambrian 3,055 
is 
3 | Chester sands MisU 540 532 S |Por} 15 | A_ | St. Louis (Mis) 783 
4 W. Princeton sand | PenL 920 890 8 |Por| y| AF | St. Louis (Mis) 2,048 
Brazil 
5 A DevM 1,625 1,615 L |Por| y {| A | Corniferous (Dey.) | 1,709 
6| Oakland City and | MisU 1,107-1,126 1,085-1,112 S |Por}] y]| A | Paoli (MisU) 1,444 
Brown sands hee 
7 | New Albany DevU 680 650 H | Fis| 85 | M | Trenton (Ord) : 
1, 2,3, 4, | PenL, Mis- | ( 325, 560, 667, | 298, 545, 640, } 
yaa Salem U, MisM, 775, 810, 730, 800, a Por| y | AM | Niagara (Dev. Sil) | 2,870 
Niagara SilM 1,500, 2,285 | 1,480, 2,270 J ; 
9 | Cypress, ; Moore- | MisU 4, 950-1,250 945-1,244 S |Por} y | A | Salem (MisM) 2,205 
town Paoli 
10 | Sample, cypress | MisU 1,270, 1,290, | 1,250, 1,270, isM) | 2, 
Mi Meeciowe, Fact { 1300, 1740 | 1340, 1728 {| 8 [Por] w | A | Handsbarg (MisM) | 2,050 
| aa: tj .8 (Borla | A | St.Louis (ais) | 1.418 
rown : ; 
12| Mansfield, cypress} PenL (1) | { 1,240, 1,560 | 1,225, 1,475, P St. G A 1,565 
Mooretown & Paoli ee (2, 3, { ; 535 } Bei Ferd uM a Aerial a 
13 | Brazil, Oakland eee 331-1,335 315-1,317 § Ae y | A |McClosky (MisM) | 1,998 
14 ped Chester MisU 640 630 § |Por] v]| A_ | Chester (MisU) 895 
15 | Veale sand MisU 1,169 1,161 S |Por} y| A_ | Devonian (?) 2,618 
16 | Corniferous, a 2,115 2,100 L |Por| y|- D | Trenton (Crd) 3,554 
Niagara i Weigle 
P N_ | ‘Mis Lime’ 1,708 
feelers | SEPARA s [eax] |“ 
18 | Bethel (sample) MisU ‘ 1,310 S |Por| y | MC | ‘Mis Lime” 1,500 
19 Poe MisU 1,125 1,110 8) Pore an A Mab 1,021 
ooretown 
orni 5 800 D |Por| 40 | AF | Trenton ‘ 102 
oH eae Ma. 330-860 320-650 § |Por}| 10 | T |McClosky (MisM) | 1,375 
22 | Brown sand (Paoli) | MisU 1,450 1,480 § | 20} 25) A Ordovician | 006 
23 tt springs, cypress | MisU 350 330 S | Por} 20 | ML | ‘Mis Lime 
E . 
24 Staunton PenL 610-802 580-790 S |Por| y | ML | Chester (MisU) 1,593 
unnam ‘ 
899 § |Por) y | ML} Glen Dean (MisU) | 1,795 
3 eed Pol 1,031 1,007 § | 25 | 30 | ML | Chester (MisU) 1,920 
27 | Corniferous, Dar 2,165 2,074 L |Por} y| D | Niagara (SilM) 2,190 
Niagara ; 
28 ar alana bury MisU 1,800 1,750 S |Por}| y | AF | Chester (MisU) 1,823 


(U. Chester) 


a 
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TasLe 2.—Summary of Drilling Operations in Indiana in 1938 
Important Wildcats Drilled in 1938 
Initial 
Location Production 
per Day 
—_______| Total | Sur- | Deepest : 
County Depth, face | Horizon Drilled by G Remarks 
Ft. || For- | ‘Tested a8; 
mation ou Hat 
Sec.| Twp.| Rge. .5S., | lions 
Md Bbl. | Cu. 
Ft. 
nlayahem rae 19 |12N| 5W/1,500 | Pen | Dev W. A. Sage Dry hole 
2 | Gibson 13 | 38 |14W12,920 | Pen | McClosky | W. O. Allen 1,000+ Oil well 
(MisU) et al. 
3 | Greene......... 19| 7N| 7W| 976 | Pen | MisM A. 8. Reed Dry hole 
44 Kosten | 7] 5N] 9W} 803 | Pen | PenL L. E. Jordan & .405| Eastern Extension to 
Son Oaktown Field. 
Tubing _ pressure, 
290 lb. per sq. in. 
By: | MSTIOR Ree eens 4| 5N| 7W{2,875 | Pen | Dev bE ee Dry hole 
etr. Co. 
6 | Parke..........| 29 |17N} 7W]1,074 | MisL| Dev Dan Williams Dry hole 
Beckwith 
7|Perry..........} 18 | 6S | 3W| 928 | Pen aay Frank Damron Dry hole 
is 
SO PiRes wae cee 26 | 1N] 7W{1,375 | Pen | MisM Claude L Dry hole 
Trusler 
9 | Posey..........- 1] 78 |12 Wj] 1,749 | Pen Chester Sun Oil Co 29 Discovery well, 
(MisU) Heusler field 
10h Poseyssteva ve ne 15 | 48 |12W]1,985 | Pen | Chester George W. Dry hole 
(MisU) Miller 
11 | Posey..........| 29 | 8S |14W]2,709 | Pen | McClosky Sun Oil Co 30 Discovery well, Point 
(MisU) field. Later aban- 
doned 
ADS Pogey.ccmatentects 4] 78 |14W|5,035 | Pen | Dev Carter Oil Co. Show oil 1050-1064. 
Deepest hole in 
state to date 
13 | Randolph...... 5 |21N]15E | 1,100+| Sil Trenton Sim. B. Hood, Dry hole. Show oil 
Trustee in Trenton 
14 | Shelby......... 30 |12N| 8E]| 841 | Dev | Trenton R. E. Haymond Tubing pressure, 115 
Ib. per sq. in. Gas 
well. I. PP. un- 
; known 
15 | Sullivan........ 2] 7N/10W/2,753 |Pen | Dev A. 8. Reed Show oil 776-791; oil 
and gas 2,694-2,719. 
P Dry hole 
16 | Sullivan........ 11 | 8N|10W/|2,661 | Pen | Dev C. T. Coats & Dry hole; show gas 
A. R. McClen- 870; 1,015. 
non 
17 | Sullivan........ 36 | 8N| 9W/|4,160 | Pen | St. Peter | Felmont Corp. Dry hole. Gas (100 
(OrdL) M) 450-470; gas 
: . : show 2,351 ft. 
18 | Sullivan........ 13 | 8N|11W|2,870 | Pen | Dev Carter Oil Co. Dry hole; oil odor 
} 2,100-2,110. 
19 | Sullivan........ 71 8N| 8W{2,262 | Pen | Dev Joe Burnstein Dry hole. Show gas 
195; oil and gas 545- 
ol 2ais2aia 
o ’ ay 
20 | Sullivan........ 35 | SN}10W| 821 | Pen | Pen A. S. Reed 2.00 
21 | Sullivan........ 20 | 9 W/ 10 W| 2,556 | Pen | Niagara Carter Oil Co. Dry hole 
92 | Vanderburgh...|, 2 | 58 | 10 W) 2,348 | Pen wn Sun Oil Co, Dry hole 
; is 
23 | Vanderburgh...| 31 | 5S |11W)1,300 | Pen hester Vanderburgh Dry hole 
? (MisU) Oil Corp. 
24 | Warrick........ 16 | 78] 8W)1,914 McClosky | LeMoine & Dry hole 
(MisM) Taylor 
Totals ye : 1,059 |2.405 


Member of wells drilling DGe, 81; 2088, Cec os 3k ac Nnwsithaweder anes 


Number of oil wells completed during 1938 
Number of gas wells completed during 1938 
Number of holes completed during 1938 


In Proven Fields | Wildcats 
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encroaching from the south, was still causing trouble. Weaker wells in 
this field are being shut in during the low-drain months to enable them to 
recuperate. Operators believe this will prolong their life. The old 
Trenton area had several completions for small oil and gas wells. 

In the spring and summer of 1939 many wells should be drilled in the 
new fields discovered during the past year, as well as many wildcat tests. 
Approximately four million acres have been leased in Indiana during the 
past two years, including many large blocks that appeared favorable from 
geological or geophysical prospecting. Several deep tests are in progress, 
chiefly to the McClosky, Devonian, Trenton, and St. Peter, and many 
more are due to start within the next few months. 


Kansas Oil and Gas during 1938 


By W. A. Ver WI5BE* 
(New York Meeting, February, 1939) 


THE year 1938, with a production of 58,784,250 bbl. from 18,790 
wells shows a slight recession from the high peak of oil production reached 
the previous year, when slightly over 68 million barrels of oil was mar- 
keted. The previous high peak had been reached in 1917 with a total of 
45,451,000 bbl. Another still earlier peak was reached in 1904, during 
which year slightly less than 5 million barrels was produced and sold. 
The production of gas, on the other hand, probably reached a new peak 
during 1938 with a total of over 60 billion cubic feet. This peak, how- 
ever, was not the highest peak, for during the year 1908 over 80 billion 
cubic feet was produced. Between these two high peaks the production 
dropped down to 16 billion cubic feet in the year 1921. 

The number of wells drilled during the year totals 1569. This figure 
is somewhat lower than the figure given in several trade journals because 
it does not include wells that were deepened or recompleted in a different 
geological horizon. Nearly three-fourths (or 1107) of the total number 
of wells were completed as commercial oil wells (915 in western and 192 
wells in eastern Kansas). The commercial gas wells completed number 
50, of which 4 are in eastern Kansas and 46 in western Kansas. The 
remaining 412 completions include 130 dry holes in eastern and 282 dry 
holes in western Kansas. Based on daily potential capacity, the new 
discoveries of the year accounted for 70,000 bbl. of new oil for eastern 
and 1,220,000 bbl. of new oil for western Kansas. 

It is interesting to note in this connection that the number of wells 
completed in the state rose gradually to a first peak in 1904, when 
2782 were drilled. The number dropped off rapidly to 368 three years 
later, but rose to the second and highest peak in 1918 when 4671 wells 
were completed. In the period between 1904 and 1912 more gas wells 
than oil wells were completed. Between the high peak of 1918 and the 
somewhat lower peak in 1937, the low point was reached during 1931, 
with the completion of only 470 wells. 

In the matter of new pools discovered, Kansas again ranks high. 
The exact number depends somewhat upon the interpretation of a new 
area whether it should be called a new pool or a long extension of an 

Manuscript received at the office of the Institute Feb. 15; tables, March 27, 1939. 


* Department of Geology, University of Wichita, Wichita, Kansas. 
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older pool. In some cases this determination cannot be made until 
more wells are drilled within the area. Therefore, the figures given in 
this report may differ from those presented in the trade journals. Table 3 
of this report lists 49 new oil pools and 2 new gas pools. Trade journals 
are also inclined to list as new pools the areas in which oil is discovered 
in new producing horizons in old pools. During 1938 discoveries of this 
type were made in 16 areas. Of this total 13 new oil discoveries were 
made in new horizons present in old pools, while the other three- were 
new horizons discovered in pools previously found during the year 1938. 

New Geological Information.—In most cases these new horizons are 
the same as those found productive elsewhere in the state. It is com- 
mon, for example, to find the Arbuckle productive in a pool having 
production from the Lansing-Kansas City (formerly called Oswald), 
or vice versa. Less often the new horizon is the Simpson (sometimes 
called the Wilcox) or a higher formation in the Pennsylvanian system. 
During 1938 three entirely new and unexpected producing horizons were 
found at widely separated points. The most remarkable of these is the 
pre-Cambrian granite, which was found to contain commercial quantities 
of oil in the Hall pool as well as the Gurney pool, both of which are in 
Russell County. In this connection it will be recalled that attention 
was directed to the presence of oil in pre-Cambrian quartzite in the 
A.I.M.E. report for 1936.* This occurrence is in the Orth pool, Rice 
County. Although the occurrence of oil in granite is mentioned here 
for the first time, it appears from a study of well logs that the actual 
commercial production began in 1937 when the Empire Oil and Gas Co. 
completed its No. 1 Ebel well in the Gurney pool in sec. 24, T. 14 S., 
R. 14 W. Somewhat later, the No. 2 Rein well drilled by the Stanolind 
Oil Co. also derived some of its oil from the pre-Cambrian. However, it 
remained for the No. 3 Opdyke well of the Skelly Oil Co. (Hall pool) to 
establish the fact that actual production was coming from granite and 
not from the erosional rubble sometimes found above the granite, and 
then referred to as the ‘‘Granite Wash.” This well drilled into granite 
from 3141 to 3243 ft., or a total of over 100 ft. Commercial quantities 
of oil were found in a pay zone that includes the interval between 3156 
and 3181 ft. It is perhaps needless to point out that this occurrence of 
oil will tend to change some of the older ideas about the origin of oil. 

Another rather unexpected new horizon is the Tonganoxie sand 
found in the No. 1 Shepherd well drilled by Bunte Brothers et al. in 
Kingman County (10-27-10). Apparently this sand occurs at the same 
horizon as the rather prolific Stalnaker sand in central Kansas, and is 
one of the sand lenses in the Stranger formation. Fig. 1 shows the posi- 
tion of this sand as well as the position of the pre-Cambrian horizon. 


* Trans. A.I.M.E. (1937) 128, 341, 354. 
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The third new horizon for oil production is the Oread limestone, 
which occurs at the base of the Shawnee group of the Pennsylvanian 
system. This limestone appears to contain oil in at least one well in 
the Michel pool of Russell County. The discovery well was completed 
during August. Although not as remarkable as the foregoing discoveries, 
it is nevertheless interesting to record the first occurrence of commercial 
oil in the Simpson formation of Ellis County (Blue Hill pool). 

Water Disposal and Repressuring—The number of wells drilled for 
the purpose of disposing of salt water increased greatly during the year. 
At the beginning of 1938 there were approximately 175 such wells in 58 
pools. About one-fourth of the wells were using the basal sands in the 
Cretaceous system (Dakota and Cheyenne) for disposal, while one-fifth 
were using the salt zone in the Wellington formation of Permian age. 
By far the largest number were using the Arbuckle or the Arbuckle in 
conjunction with the underlying Reagan and pre-Cambrian for water 
disposal. A few wells found porous zones in the Big Blue succession, 
one well was using the Lansing and three wells were using the Viola or 
Simpson formations of the Ordovician. Pressures used range all the 
way from gravity to 500 lb. The water-taking capacity ranged from 
small amounts to 1200 bbl. per hour, with a common capacity of about 
400 bbl. The average input per day ranged from small amounts to the 
surprising total of 15,257 (Oxford pool of Sumner County). Most of 
these wells were less than two years old, yet a few have taken enormous 
amounts of water. For instance, one well in the Greenwich pool of 
Sedgwick County has taken over 314 million barrels of salt water while 
another in the Oxford pool has taken over 334 million barrels. It is also 
significant to note that one pool, the Oxford pool, has absorbed over 
8 million barrels of salt water, nearly all of which was deposited in the 
Arbuckle formation by gravity. The Greenwich pool stands in second 
place in this regard, having allowed the disposal of nearly 5 million bar- 
rels (also to the Arbuckle by gravity). 

Repressuring operations in Kansas began some years ago but exten- 
sive operations on a large scale date from late 1935 and early 1936. 
At the beginning of 1938 there were at least 325 wells used for the 
purpose of taking in water to repressure the producing sand. Most 
_of the water used came from the surface, although in many places 
water extracted from the same sand that was being repressured was used. 
This water was first treated chemically or by filtration, aeration or simply 
by settling. The pressure used in these operations varies from gravity 
to 625 lb., with a common average around 200 to 400 lb. The maximum 
capacity of the wells measured on the basis of so many barrels per hour 
is from less than 1 bbl. to 10 bbl. The daily input of water varies from 
small amounts to slightly over 100 bbl. In exceptional cases, however, 
as much as 1200 to 1400 bbl. was being put into the sand (Viola of the 
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Tasie 1.—Producing Oil Fields in Kansas in 1938 


Field end Lacadon tte ote 
Barber County......... 
Lake City, 7-31-13W.| July 1937 
Medicine Lodge, 
18-88-18'W ci. cas Mar. 1937 
Whelan, 32-31-11W..| Aug. 1934 
Barton County......... 
Ainsworth,! 
26-16-13W........ Dec. 1936 
Albert, 80-18-15W...| Jan. 1935 
Beaver, 16-16-12W...} Dec. 1934 
Beaver North, 
4-16-12W 5 osc cie Oct. 1937 
Bloomer, 36-17-11W .| Feb. 1936 
Boyd, 3-18-14W..... Dec. 1938 
Clawson, 17-20-11W.| Dec. 1938 
Davidson, 4-16-11W .| Mar. 1928 
Eberhardt, 14-19-11W| June 1935 
Ellinwood, 9-20-11W.| July 1932 
Ellingwood North, 
33-19-11W........ July 1937 
Ellingwood West, 
7-20-11W......... Apr. 1938 
Feist, 29-18-11W....| Mar. 1936 
Hagan, 20-20-11W...| Dec. 1938 
Heiser, 16-19-14W...| Aug. 1935 
Hiss, 31-20-13W..... Feb. 1936 
er eae Jan. 1938 
Kraft, 10-17-11W....] Mar. 1937 
aeretetin Jan. 1935 
Odin, 10-17-12W..... May 1938 
Prusa, 20-16-11W....| Dec. 1938 
Rick, 1-19-11W...... Aug. 1936 
Silica, 12-20-11W....| Oct. 1931 
Silica South, 
24-20-11W.. .| Oct. 1935 
Straub?... 
Susank?........ a 
Wolf, 36-19-12W....| Aug. 1938 
Butler County ......... 
Anguote North, | Jans 1014 
Augusta South 
91-28.4E Jan. 1916 
Bausinger, 24-27-3E, | July, 1929 
Benton, 10-26-3E...., Jan, 1925 
Blankenship, 2-26-8E | Jan. 1921 
Brandt, 15-28-7E....| June 1936 
DeMoss, 5-28-7E....| Oct. 1924 
Douglass, 2-29-4E...| Jan. 1916 
Elbing, 8-23-4E...... Aug. 1918 
El Dorado, 29-25-5E.| Sept. 1915 


Production Num- Producing Horizon 
ber of 
Area, Wells 
Acres Pro- To |Thick- 
In 1938 | Cumulative} duc- Name Top,| ness, | Character 
ing Ft. }) Ft. 
92,169 209,981 11 } U 
160 9,158 17,450 1 | Viola 4,435 5 | Lime ; 
1 | Arbuckle 4,607 4 | Dolomite 
40 8,701 15,409 1 | Viola 4,845 2 | Lime 
640 74,310 177,122 8 | Chat 4,355 29 Insoluble 
Residue 
7,325,593| 24,589,573} 793 
4,200 507,779 729,414 49 | Arbuckle 3,390 5 | Dolomite 
1,200 108,667 233,824 10 re ee ears oa pea 
uuckle i olomite 
1,000] 139,046] 528,315] 19 |{ prouckle | 3a) 6 | Sandstone 
160 30,909 33,307| 3 | Arbuckle 3,316] 10 | Dolomite 
2,000 886,751 2,656,471 4 |Lans. K.C. | 3,044 10 | Lime : 
86 | Arbuckle :257| 24 | Dolomite 
40 1 | Arbuckle 3,365 2 | Dolomite 
40 1 | Arbuckle 3,285} 14 | Dolomite 
80 10,993 28,430 1 | Arbuckle 3,314) 26 | Dolomite 
TPB 3,317 21 | Con- 
glomerate 
160 24,365 109,501 4 | Arbuckle 3,311] 49 | Dolomite 
1,200 127,757 1,327,379 15 | Arbuckle 3,304 30 | Dolomite 
80 14,067 22,154 2 | Arbuckle 3,328 22 | Dolomite 
160 18,469 18,469 3 | Arbuckle 3,346 6 | Dolomite 
40 6,962 36,321 1 | Arbuckle 3,430 3 | Dolomite 
1,059 1,059 1 | Arbuckle 3,323 7 | Dolomite 
40 4,872 12,330 1 | Lans. K.C. | 3,228 25 | Lime 
160 39,810 178,968 - oe 3 BS 3,270 20 — 
ans. K. C. ime 
160} 14,985] 14,985]{ 1 | ASP oO} | 3.440) 12 | Belomite 
1,800 278,872 354,358 30 | Arbuckle 3,281 8 olomite 
: on 0 ie 2 poste 
ans. K. C, ,109 ime 
200) 57,780). 122,207 { 2| Arbuckle |3,235] 3 | Dolomite 
80 8,646 8,646 2 | Arbuckle 3,340 2 | Dolomite 
none none 1 | Arbuckle 3,335 17 | Dolomite 
160 38,396 135,825 5 | Arbuckle 3,355 2 | Dolomite 
8,400} 4,244,984) 16,359,080) 455 | Arbuckle 3,309 19 | Dolomite 
4,800 757,112| 1,675,034) 83 | Arbuckle 3,274 10 | Dolomite 
40 2,406 2,406 1 | Arbuckle 3,346] 28 | Dolomite 
5,569,860 
— City aoe 35 a 
ayton i andstone 
1,280 154,829} 13,054,732 68 Wilcox 2'380 10: Sandevone 
Arbuckle 2,410 5 | Dolomite 
‘ pee. City — 
r . Scott ime 
9,000 350,217) 32,936,433) 156 Wilcox 2,445 {01 | Gandetane 
Arbuckle | 2,600 5 | Dolomite 
200 12,286 5 | Wilcox 3,050} 29 | Sandstone 
80 5,475 2 | Chat 2,765 5 | Insoluble 
Residue 
1,200 86,870) 4,092,827} 91 | Bartlesville | 2,650/ 50 | Sandstone 
400 70,470 337 9 | Chat 2,692 8 | Insoluble 
Residue 
160 27,083 41,467 4 fre c 2,732 10 
ns. K. C, | 1,790} 40 | Lime 
2,400] 27,047 21 Varner ©2886) 50 | 
ns. fe | 2s ‘0 | Lime 
1,800} 489,465) 17,952,957; 88 Viola 2'430| 40 | Lime 
tans K.C.|1.700| 20 [Lame 
ans. K. C, |} 1, ime 
25,000) 3,018,428) 171,917,319] 1,733 |< Viola 2,500 5 | Lime 
Simpson 2,510} 15 | Sandstone 
Arbuckle 2,550 5 | Dolomite 


1 Ainsworth South is combined with Ainsworth. 


2 Abandoned 1938, 


3 Included with Trapp. See Russell County. 
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Production 
Field and Location Discovery | Area, 
Date Acres 
In 1938 | Cumulative 
Fox Bush, 25-28-5E..| Jan. 1917 5,000 158.374) 15,324,704 
Garden, 6-27-6E..... Mar. 1928 1,600 72,745 
Gelwich, 6-27-4E....| Apr. 1930 80 12,319 
Haverhill, 
(15-34)-27-5E Bie aare Apr. 1927 700 97,638 2,954,403 
Keighley, 
(14-33)-27-7E..... Jan. 1925 1,800 92,163 
King, 17-24-4E...... Jan. 1937 80 124 2,123 
Kramer, 4-28-6E..... Jan. 1926 500 63,693 
Leon, 19-27-6E...... Oct. 1926 500 38,581 
McCullough, 1-28-6E | Feb. 1926 400 131,980 235,235 
McCaig, 13-28-6E...| Mar. 1937 80 7,045 13,145 
Madden, 27-23-4E...| May 1937 2,040 2,110 
Moore, 12-25-3E..... 120 8,760 
Pettit, 21-28-6H..... July 1936 40) No runs 
Potwin, 36-24-3E....| Jan. 1921 3,200 341,604 
ee June 1926 900] 115,861 
Sih eek -7H.. 600 
mock-Sluss, 
19-26-6F Mar. 1918 1,500 63,802 
Snowden-McSweeney, 
2-20-6E:........5 1930 160 3,679 
Starkey, 16-30-4H....| Oct. 1937 aban- 
doned 
Steinhoff, 21-29-6E. ..| Jan. 1926 160 6,811 
Stern, 27-27-6E...... Jan. 1928 600 72,380 
Weaver, 1-28-5E..... Jan, 1929 400 5,168 
Young, 27-26-7E..... 1919 600 32,923 
Chautauqua County..... 
Fisher, 10-34-9F..... Dec. 1937 
Foster, 6-33-12E..... July 1937 40 
Kingston, 17-32-10H.| Jan. 1937 40 
Clark County.o. . .. 06 
Morrison, 17-32-21W.| Oct. 1936 160 35,864 67,090 
Coffey County: ........ 30,353 
‘an Noy 
(1-14)-23-14E \ 
(6-18)-28-15E 
Cowley County 3,200,286 
Baird, 16-34-3E..... 160 144 
Pg 32-48 
7-32-5B (oct 600 48,636 
Burden, 22-31-6E....| Jan. 1926 1,200 93,112 
Carson, 19-32-3E....| Oct. 1924 400 228,000) 2,932,823 
Clarke, 6-31-4E...... Jan, 1914 180 17,931 800,534 
ti , 4-33-7H, 
ee hee 600] 12,228 
David, 35-30-4E, 
ONS Te dey be July 1985 500 59,917 230,226 
David South, 
11-31-45, 9-31-4...| Jan. 1934 200 21,264 70,534 
Dexter, 24-33-6E....| Jan. 19038 1,200 4,105 
Dunbar, 29-30-5E....| Sept. 1938 , 2,882 2,882 
Eastman, 31-30-6H...| Jan. 1924 1,200 68,711 2,235,834 
Elrod, 4-32-5E...... June 1918 160 ,088 
Fails City, 17-35-7H..| Jan. 1916 600 348,106 1,137,336 
Ferguson West, 
21-30-8... 100, «8,121 
Frog Hollow, 
20-32-5E. Sone xi Jan. 1937 300 44,861 78,296 
Frog Hollow East, 
21-32-5H..........| Aug. 1938 


Num- 
ber of 
Wells 
Pro- 
duc- 
ing 


Producing Horizon 


Name 


Bartlesville 
Bartlesville 
Viola 


Bartlesville 


Bartlesville 
Kans. City 
Viola 
Wilcox 
Arbuckle 
Chat 
{ Viola 
Wilcox 
Bartlesville 
Lans. K, C. 
Mis. Lime 
Wilcox 
Mis. Lime 
Kansas City 
Mis. Lime 
Mis. Lime 
Viola 
Bartlesville 
{ Bartlesville 
Viola 


Mis. Lime 
Bartlesville 


Chat 
Chat 
Viola 
artlesville 


Kans. City 
Chat 


Altamont 
Mis. Lime 
Lans. K. C. 


Viola 


(eo 


Bartlesville 


{ Stalnaker 

Kansas City 

Bartlesville 

{ Layton 
Arbuckle 

Bartlesville 


Layton 
Bartlesville 
Bartlesville 
Mis. Lime 
Kansas City 
Bartlesville 


Elrod sand 
Stalnaker 


Bartlesville 
Bartlesville 


To 
Top, 
Ft. 


2,803 
2,752 
3,050 
2,690 
2,190 
2,650 


1,648 
2,200 
1,437 


6,467 


1,138 
1,622 


3,260 


2,300 
2,600 
2,865 
2,600 
3,450 
2,840 


1,950 
2,935 
3,010 
2,750 
2,229 
2,770 


2,390 
2,000 


3,089 
3,042 


35 


12 


Character 


Sandstone 
Sandstone 
Lime 


Sandstone 


Sandstone 
Lime 
Lime 
Sandstone 
Dolomite 
Insol. Res. 
Lime 
Sandstone 
Sandstone 
Lime 
Lime 
Sandstone 
Lime 
Lime 
Lime 
Lime 
Lime 
Sandstone 
Sandstone 
Lime 


Lime 
Sandstone 


Insol. Res. 
Insol. Res. 
Lime 
Sandstone 
Lime 
Tnsol, Res. 


Lime 
Lime 
Lime 


Lime 


Sandstone 
Insol. Res. 


Sandstone 


Sandstone 
Lime 
Sandstone 
Sandstone 
Dolomite 
Sandstone 


Sandstone 
Sandstone 
Sandstone 
Lime 
Lime 
Sandstone 


Sandstone 
Sandstone 


Sandstone 


Sandstone 


SS lee 
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TaBLE 1.—(Continued) 
eS ee eerie eae 


Producing Horizon 


Production Num- 
H : iscov' Area, ells ; 
Field and Location D Dee Newest ‘Pros To |Thick- 
In 1938 | Cumulative} duc- Name Top, | ness, | Character 
ing Fe. | Ft: 
Geuda Springs, 
8-34-3 opine .....| May 19386 600 54,958 125,430 10 a MePe a 
n ne 
Graham, halen, ...| June 1924 800; 29,127} 2,413,042] 15 { Aue 218 soo Dolomite 
ener a fh 600] 36,044 13 
OER apetesiaeie 00, 
bat 
Hittle, 21-31-46. ....| Jan. 1926 600] 145,511 Gilbert coer a 
Mahannah, 6-30-8E..| 1918 160 9,817 2 | Burgess 2,730 
McCormick, 13-31-7E| Aug. 1922 40 196,354 1 
Murphy, 8-35-3E....| Jan. 1933 600 47,161 9 | Chat 3,300 Insol. Res. 
Olsen, 1-35-7E....... Apr. 1921 300 7,785 7 | Ft. Scott 2,400 Lime 
Rainbow Bend, 
20-38-3E........35 Dee. 1923 2,000] 385,241] 12,255,296] 113 | Burgess 3,200] 50 | Sandstone 
Reidy, 31-31-8E 3 160 2,555 3 ; 
Rock, 15-30-4E...... Jan. 1923 500 153,903 1,353,738 24 Bartlesville 2,760 45 | Sandstone 
Rock West,16-30-4E .| Oct. 1937 160 75,935 81,399 4 | Bartlesville | 2,784) 18 | Sandstone 
Rock North, 3-30-4E | Sept. 1937 200 6,240 9,803 5 | Bartlesville | 2,807| 21 | Sandstone 
Sherwood, 11-31-45. , May 1936 160 31,030 42,455 4 | Bartlesville | 3,010 19 | Sandstone 
Smith, 10-31-3E..... Jan. 1917 600 13,870 12 piers nee 20 ar Br 
ayton - andstone 
State, 15-32-4E...... Jan, 1926 1,500] 100,130 39 f pes bn deh Pe aetae 
Trees, 19-30-4E...... Jan. 1934 300 70,578 9 | Bartlesville | 2,950} 25 | Sandstone 
Turner, 30-32-6E....| June 1937 240 53,224 74,538 6 | Layton 2,232} 15 | Sandstone 
Udall, 28-30-3E...... 2,342 43,276 1 
2|Lans. K.C. | 2,455 Lims 
Weathered, 28-31-3E.| July 1935 1,000 876,006 1,222,625 2 | Mis. Lime 3,065 Lime 
25 | Arbuckle 3,400 Dolomite 
Wilson, 9-335-6E....| Nov. 1938 2,258 2,258 1 | Arbuckle 3,519 4 
ies (ies carte 
. yton 7 andstone 
Winfield, 36-32-4E...| Nov. 1914 5,000 132,553 65 Bartlesville | 3,050 Randatana 
Arbuckle 3,300 Dolomite 
Edwards County....... 
McCarty, 31-25-17W | May 1929 40| Temporarily shut in 1 | Basal Cong. | 4,545} 10 | Con- 
glomerate 
ISIR\C GUM) acetate oe 280,320 ae rere Sands 
. nei ; andstone 
Moline, 3-31-10E....| Dec. 1927 600 42 { Mie time | ihoo a 
Sellars, 11-31-9E..... 40 1 | Mis. Lime 2,300) 22 | Lime 
ae ite ee 
, ndstone 
Webb, 28-31-10E....| Oct. 1924 3,600 Ft. Scott 1/650 Tae 
7 Arbuckle 2,286 Dolomite 
Ellis County........... 3,107,134} 7,536,397] 363 
Antonino abandoned 
Hes Oct. 1935 Topek: Li 
: ct. opeka 3,032 8 | Lime 
Bemis, 16-11-17W... { Get. 1955 | 3,200] 2,012,061] 3,800,351] 21g |{ Fopeke Sek] S| Dalmite 
Bemis South, 
DAZ ATW eciacetaen Dec. 1938 40 1 | Arbuckle 3,592} 11 | Dolomite 
_ 1 | Arbuckle 3,360] 25 | Dolomite 
Blue Hill, 14-12-16W | Aug. 1937 640 30,545 38,409 2 | Lans. K. C. 072) 33 | Lime 
1 | Wilcox 3,358} 15 | Sandstone 
Burnett, 1-11-18W...| Sept. 1937 80 28,111 28,111 2 | Arbuckle 3,570 4 | Dolomite 
Burnett South, 
12-11-18W........ May 1938 600 8 | Arbuckle 3,330 3 | Dolomite 
Catherine, 3-13-17W .| June 1936 160 25,691 74,407 3 | Lans. K. C 3,362} 12 | Lime 
Cress, 13-11-17...... Mar. 1937 600 254,397 385,206} 25 | Arbuckle 3,293 9 | Dolomite 
Emmeram, 4-13-16...| June 1937 40 10,238 20,921 1 | Lans. K.C. | 3,260 7 | Lime 
Hadley, 20-11- 17W.. Aug. 1927 40 3,252 51,654 1 | Lans. K. C. 3,428 12 | Lime 
Haller, 10-11-18W...| July 1936 40 2,305 10,327 1 | Topeka 3,036 9 | Lime 
Koblitz, 23-12-18... .| Feb. 1937 100 250 1,993 2 | Arbuckle 3,694 4 | Dolomite 
Kraus, 22-14-9...... July 1936 100 11,934 37,241 2 | Conglomerate} 3,735 5 | Con- 
June 1936 1 | Lans. K.C. | 3,831] 10 ie 
15. ans. K. C. ‘| ime 
Madden, 26-15-18....]{ Supe 1938 }] 160 10,10) 39,515] { j | hems. KC. 13.831) 10 | Lame 
Marshall, 36-11-18.,.| Nov. 1936 1,000 129,548 253,229) 14 | Arbuckle 3,638] 12 | Dolomite 
Peavey, 24-11-18,.... Nov. 1938 ; 1 | Arbuckle 3,425 9 | Dolomite 
arr e Bek nec Sept. 1936 40 7,567 12,513 1 | Conglomerate} 3,653 5 | Con- 
13-15- lomer: 
Richards, 5-11-18... .| Jan. 1938 120 8,621 8,621 3 eat K.¢, 13,882) 41 sae fe 
Ruder, 17-15-18. .... ; ns. K. C. | 3,422) 18 | Lime 
17-15-18 Aug. 1935 700 98,131 482,593) 15 { Arbuckle * |3'572| 10 | Dolomite 
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Production Num- Producing Horizon 
Field and Location Discovery Area, Wells 
Date | eres Pro- To |Thick- . 
In 1938 |Cumulative cae Name ee ness, | Character 
t. Ft. 
ros Lans. K. C. | 3,280 4 | Lime 
Shutts, 5-12-17...... Oct. 1928 2,000 196,527 1,632,697 22 Weer 3'569 ig | Datomite 
Solomon, 28-11-19. ..| June 1936 160 1,860 26,121 8 ee 3,629 3 | Dolomite 
ans. K. C. | 3,298 5 | Lime 
Toulon, 3-14-17...... Dec. 1935 200 30,855 80,026 5 {Arbuckle 3'512| 48 | Dolomite 
Ubert, 12-13-18...... Noy. 1936 160 28,093 46,043 4 | Arbuckle 3,707 Dolomite 
Victoria, 18-14-16....| Sept. 1937 abandoned 1|Lans. K.C. | 3,422} 42 | Lime 
Walter, 2-12-18...... May 1936 | 1,000] 216,929 410,419 { Fo pease MEY Peal hee 
Yocemento!......... é 
Ellsworth County....... 1,195,544) 11,947,313) 157 2 
Breford, 7-17-10... Sept. 1932 700| 137,348] 798,812 { al dear ogee Roc iar cal Rania 
Habigersi.< ts, -0.cxs ‘ 
Heiken, 25-17-10..... Oct. 1930 320 20,483 306,196 4 | Arbuckle 3,269 2 | Dolomite 
Lorraine, 13-17-9,....|Nov. 1934 | 5,600] 815,500] 6,687,500] { 7 | 4aps 0+ [S000] ME | Bone 
Schroeder, 29-17-9W .| Jan. 1938 600 47,985 47,985 9 | Arbuckle 3,205 10 | Dolomite 
Stoltenberg, 21-16-10.| June 1931 700 60,959} 2,119,139 18 | Arbuckle 3,333 14 | Dolomite 
Stratman, 1-17-10....| Mar. 1931 600 96,226 1,844,905 16 | Arbuckle 3,255 16 | Dolomite 
Wilkins, 13-17-10. ...| Apr. 1934 120 17,043 142,707 4 | Arbuckle 3,260] 20 | Dolomite 
Finney County......... Senne : 
Nunn, 27-21-34W....| June 1938 40 17,885 17,885 1 | Mis. Lime 4,654 10 | Lime 
Graham County........ ' 
A Sec Semenik sees Apr. 1938 40 renter 1 | Arbuckle 3,718 2 | Dolomite 
‘reenwood County...... ,903,749 
Atyeo-Pixlee 
6-22-10E.......... Jan. 1923 1,000 94,462 96 | Bartlesville | 2,000) 50 Sandstone 
procirell, 16-24-13E.| Jan. 1923 ae 3,619 o Lee pd ee ey) 
radfield, 25-21-10E. is. Lime ; ime 
Brinegar, 33-26-13E. . 500 7,483 31 
Sean 8-22-10E. .| Jan. 1924 3,800 177,328 95 | Bartlesville | 2,314) 76 | Sandstone 
Burkett, 13-23-10. .| Jan. 1924 2,700 78,293 102 | Bartlesville | 2,000) 100 Sandstone 
Christy, 36-24-12E... 2,000 5,413 11 | Bartlesville | 1,500 75 | Sandstone 
eres Pre ...| Jan, 1926 160 12,045 3 | Mis. Lime 1,900 Lime 
eMalorie- er 
19-21-10 go 1 ene Jan, 1924 4,500 188,095 128 | Bartlesville 2,150 Sandstone 
Dunaway, 4-22-13H.. 1,000 87,710 60 | Mis. Lime | 1,800 Lime 
Eureka, 35-25-10E...| Jan. 1920 1,200 24,940 15 | Mis. Lime 2,000 Lime 
ere Jan. 1926 2,500 49,943 66 | Bartlesvill 1,750 50 | Sandstone 
32-21-12E......... an. 4 F artlesville ; 
Gaffney, 6-24-11H....} Aug. 1926 500 213,574 3 : 
Hamilton, oe oe ree eae 132,313 3) Haste abe a Hpndsroue 
ey, 25-25-9E....| Nov. is. Lime B 1 
Tieton, 17-24-13E 200 24,331 13 | Mis. Lime 1,600 50 | Lime 
Lamont, 5-22-12E....| Jan. 1927 2,600 137,846 108 | Bartlesville | 1,650 Sandstone 
Seley 1-22-11E... = ee 3,000 226,540] 5,775,000] 102 | Bartlesville — | 1,800 Sandstone 
roja, 6-26-10E. .. .| Joined to ee : 
Reece 40 5,508 1 | Mis. Lime 2,154 7 | Lime 
Polhamus, 27-24-9H. .| Jan. 1922 1,400 33,365 45 | Bartlesville | 2,170 Sandstone 
Quincy, 18-25-14..... Jan. 1926 3,600} 380,038 113 | Bartlesville | 1,420 Sandstone 
Reece, 21-26-9E..... 1,200 58,586 21 | Mis. Lime 2,100 Lime 
Sallyards, 17-25-9B. .| Jan. 1921 8,000 162,425 132 | Bartlesville | 2,350 150 | Sandstone 
Scott, 19-23-9H...... Jan. 1925 2,500 110,077 73 | Bartlesville 2,525 75 | Sandstone 
pie Gabe 22-29-11] Jan. 1922 7,000 357,576 327 | Bartlesville | 1,930) 45 Sandstone 
mith-Jobe (near 
nore Pon eer Sept. 1938 627 1 | Mis. Lime 1,662 3 | Lime 
Teeter, 36-22-9...... Jan. 1922 4,000 270,465 207 | Bartlesville | 2,400 150 | Sandstone 
Teichgraber, 2-25-8E. 900 20,623 21 | Bartlesville | 2,450 Sandstone 
Thrall, 28-23-10 1921 7,000 187,851 255 Bete 20100 166 poscatone 
Ue oe artlesville | 1, andstone 
Virgil, 13-24-12...... Jan. 1916 4,800 126,984 130 |} Mis. Lime | 1,700 Lime 
irgi Bartlesville | 1,550 andstone 
Vireil North, 8,000} 455,732 280 | Mie lime’ |170| Line 
Wiggins, 7-24-11E...| Jan. 1925 2,500 56,787 46 | Bartlesville ,860 andstone 
ene 7 6-25-9E... 1,300 18,524 15 | Bartlesville | 2,300 Sandstone 
Willard, 7-27-11E.... 1,000 14,355 3 
Harvey County........+ 1,060,839] 18,725,647) 144 
Halstead, 36-22-2W..| Aug. 1928 1,200 232,050 868,706} 21 | Chat 2,972| 33 | Insol. Res. 


Hesston,® 7-22-1W.. . 


4 Abandoned 1936, ‘ 
5 Taken out of Stumps during 1938. See Rice County. 
6 This pool now included with Graber McPherson County. 
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Field and Location 


Hollow-Nikkel, 
30-22-3 W 


Sperling, 23-22-2W... 


Walton, 4-23-2E..... 
Kingman County....... 


Cunningham, 
30-27-10 


Kingman, 16-27-7W.. 
Shepherd, 10-27-10... 
Lyon County. cscs ans 
Fankhouser, 
33-21-12E......... 
McPherson County..... 
Bornholdt, 30-20-5W . 
Canton North, 
26-18-1W......... 


Chindberg, 18-19-2W 


Graber, 32-21-17..... 


Hesston,’ 7-22-1W.. . 
Johnson, 35-19-3..... 
Lindsborg, 8-17-3W.. 


McPherson, 29-18-2. . 


Ritz-Canton, 1-20-2W 
Roxbury, 18-17-1W.. 
Voshell, 9-21-3....... 


Marion County........ 
gibi egal 
-21-4E 
vibes 20-21-5E. .. 


Hillsboro, 12-19-2E. . 
Lost Springs, 
22-17-48... wae 
Peabody, 5-22-4E.. 
Ness County..........+ 


Aldrich, 7-18-25W. . . 


Pawnee County........ 
Pawnee Rock, 
13-20-16 Fee cas 
Pratt County........... 
er 11-27-13W..... 
Reno County.......... 
Abby add 
Buhler, 25-22-5W.. 


Burrton, 23-23-4..... 


Hilger, 16-26-4...... 
Lerado, 11-26-9...... 
Nickerson®.......... 
Yoder, 34-24-5 ...... 


Rice County... 3. sees 
Bowman’........... 


KANSAS OIL AND GAS DURING 1938 


Discovery 
Date 


Dec. 1931 


Jan. 1935 
Dec. 1923 
Jan. 1931 


Jan. 1925 
Dec. 1938 


Aug. 1937 


July 1936 
Jan, 1929 


May 1934 


Feb, 1932 
Jan. 1938 


Sept. 1926 


July 1929 
Noy. 1938 


Aug, 1929 


Sept. 1920 
Dec, 1929 
Oct. 1927 
Sept. 1926 


-| Sept. 1929 


Oct. 1929 


Sept. 1936 
Aug. 1937 


Jan. 1927 
.| Apr. 1938 


Feb. 1931 


Mar. 1934 
Dec. 1935 


Oct. 1935 


TaBLE 1.—(Continued) 


Area, 
Acres 


1,500 


500 


Producing Horizon 


‘ Num- 
Production herak 
Wells 
Pro- 
In 1938 |Cumulative | duc- Name 
ing 
Lans. K. C. 
Chat 
738,832} 17,672,417) 116 Hunton 
Wilcox 
Arbuckle 
89,957/  184,524| 7 { Wieoe 


Abandoned 1936 


1,200 


40 


40 


40 
700 


2,400 


1,200 
160 


2,000 


13,000 
40 


3,500 


2,400 
3,000 
300 


2,400 
3,000 


1,800 


640 
160 


1,200 
160 


5,000 


600 
1,800 


500 


218,244 


Abandoned 
Shut in 


49,943 
3,961,773 
9,001 


8,851 
158,146 


1,089,252 


262,350 
7 


75,163 


1,610,363 
560 
744,030 


318,816 
56,028 


45,406 
67,578 


118,078 
31,726 


36,667 


28,191 


16,802 
4,226,220 
1583 
34,119 


3,452,818 


805,255 
383,615 


12,830 
7,801,945 


1,663,548] 36 
1 

66 

59,597,577| 555 
10,648) 1 
33,678] 1 

6 

1,007,495] | 98 
3 

3,132,333|4 113 
1 

2,362,350] 15 
4,057| 2 
773,105] 33 
30,460,723] 242 
560] 1 
21,812,628] 112 
148 

8,100,000) 25 
e000 19 
14 

49 

41 

55,841} 10 
38,067] 6 
19,723) 3 
28,050,641] 528 
319,273] 4 
34,119] 2 
349 

24,863,307}. 98 
2 

1,258,850| 34 
1,530,415] { 93 
53,608] _ 6 
30,737,132 764 


7 Includes seen for 1988, 


8 Included 
® Abandoned, 


Graber, 


Wilcox 

Arbuckle 
Chat 
Tonganoxie 


Lans. K. C. 
Viola 


Bartlesville 
Chat 

Chat 

Lans. K. C. 
Chat 

Chat 
Misener 


Hunton 
Wilcox 


Arbuckle 
Viola 
Viola 
Viola 


Chat 
Viola 


{ Ft. Scott 
Mis. Lime 
Arbuckle 


Simpson 


To 
Top, 
Ft. 


3,195 
3,507 
3,500 


3,279 
3,447 


3,390) 
3,925 
4,055 
4,094 
3,853 
3,500 
1,775 


3,292 


4,378 
4,428 


3,825 
4,292 


3,450 


Thick- 


ness, 
Ft. 


2,499 


~ r al 
COROAIORANEO AI 


ao w 
— 


Character 


Lime 
Insol. Res. 
Lime 
Sandstone 
Dolomite 
Lime 
Sandstone 


Lime 
Lime 
Sandstone 
Dolomite 
Insol. Res, 
Sandstone 


Sandstone 
Insol. Res. 
Insol. Res. 
Insol. Res. 
Sandstone 
Lime 
Sandstone 
Insol. Res. 
Lim 


cay PS 
Dolomite 


Lime 
Lime 
Lime 


Insol. Res. 
Lime 


Lime 
Lime 


Dolomite 
Dolomite 


Lime 
Sandstone 
Insol. Res. 
Lime 
Sandstone 
Dolomite 
Lime 
Lime 
Lime 


Insol. Res. 
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Production ales Producing Horizon 
" ; Discovery | Area, i——————————_| Well. 
Field and Location Date Neri iors ro bree 
In 1938 | Cumulative ee Name Top, aoe Character 
t. t. 
Brandenstein, 

VO=19-10) 2. cen Nov. 1933 160 16,905 326,421 2 |Lans. K.C. |3,014 12 | Li 
Bredfeldt, 7-18-9W...| Apr. 1937 40 5,154 9,166 1 | Arbuckle 3,223 17 Dolomite 
Campbell, 28-19-9W.| Jan. 1938 160 21,900 21,900 3 | Arbuckle 3,195} 13 | Dolomite 
Chase, 32-19-9....... Mar. 1931 | 4,800| 3,137,158) 16,973,246] { 998 [Kars 6 O- 2942) 12 | mite 
C Rat 3 |Lans. K.C. |2,876| 71 | Lime 

ramm, 15-19-9W...| July 1937 160 41,900 58,543 { Hels hrckie Dolomite 
Cramm North, 15-19-9] July 1938 160 10,018 10,018 3 | Arbuckle 3,241 10 | Dolomite 
Doran, 18-19-10. .... Sept. 1936 160 22,398 75,664 4 | Arbuckle 3,291} 20 | Dolomite 
Edwards, 3-18-8W...| Jan. 1936 1,500 396,968] 1,074,718} 41 | Arbuckle 3,278 5 | Dolomite 
Maal eeceiveis hciees ands Oct. 1935 40| Abandoned 
Geneseo, 25-18-8W...| May 1934 3,000} 1,012,221) 2,539,224) 103 | Arbuckle 3,132} 40 | Dolomite 
Guldner, 16-18-9W...| July 1935 Jeo] -20,818|"  at.t7a| 8 {RON IC | 28) | time te 

‘ap 10 B12. 24 |Lans. K.C. | 3,001 15 | Lime 
Habiger,!9 5-18-10W | Sept. 1937 mal ikickis 3'939 9 | Dolomite 
Haferman, 6-19-9W..| June 1936 500 61,088 277,893 6 | Arbuckle 3,192} 24 | Dolomite 
Hing, &-18-10W.....1{ Sent tae | 80] 5.02) 5,902] { T | Aeickio” [S'asa] 14 | Dolomite 
Keesling, 10-20-9W..} Apr. 1935 600 316,243} 2,044,086] 40 | Arbuckle 3,239] 26 | Dolomite 
Orth, 27-18-10....... July 1932 DUG) Ente ESOL Tg eine els agll 3 he 
Cambrian 
Ploog, 83-18-9....... June 1930 300 72,605 1,014,040 10 | Arbuckle 3,252 19 | Dolomite 
Ponce, 28-21-7W..... Apr. 1936 40 15,041 1 | Conglomerate} 3,388] 40 oe 
glomerate 
Proffitt, 12-20-10. . ..] Dec. 1938 40 : elem: ere ig Didoratie 
ans. K. C, ; ime 
Raymond, 21-20-10. .| June 1929 1,000 321,029 5,292,213 { 37 Arbuckle 3/330 21 Dolomite 

. ilcox 3,285] 20 | Sandstone 

Tae 22-18-9..... Oct. 1935 40 7,942 37,930 1 { Aybuckle 31394 Aialioalomite 
MUGHAL esis, oe rcrec ns Fae 

Soeken, 10-19-9...... Jan. 1937 40 2,676 6,638 1 |Lans. K.C. | 2,905) 18 | Lime — 

Stumps, 4-18-10W...| May 1935 1,200 629,466 954,941 21 | Arbuckle 3,229 38 | Dolomite 

Poe vactsiet Apr. 1924 1,500 156,346} 3,957,120 31 | Chat 3,370 44 | Insol. Res. 
elch North, 

23-20-6W......60. June 1937 160 11,512 21,261 3 | Chat 3,334 32 | Insol. Res. 
Won a aa Mar. 1935 300 59,941 158,437 7 | Arbuckle 3,360 13 | Dolomite 

enke West, 

18-20-10.......... Oct. 1938 40 376 376 1 | Arbuckle 3,292 5 | Dolomite 
Wherry, 11-21-7W...| Sept. 1933 6,000] 1,371,563} 4,106,674) 165 | Conglomerate | 3,358} 22 Sees ; 

glomerate 
Wherry Hast, Sept. 1937 160 26,041 32,329 3 | Conglomerate | 3,455) 14 | Con- 
12-21-7W glomerate 
Rooks County.......... 204,950 562,614 | Lans?K.C, 13.219 5 | Li 
. ans. K. C, ; ime 
Dopita, 31-8-17......| Apr. 1934 160) 13,061] 40,0501 3 | Arbuckle |3'409| 10 | Dolomite 
Faubin, 12-6-18W....| Feb. 1936 80 7,500 25,890 2 |Lans. K.C. | 3,128} 22 | Lime 
Kruse, 3-10-16W.. .| Jan. 1928 40 2,409 8,611 1 |Lans. K.C. | 3,115 6 | Lime 
Laton, 11-9-16....... July 1927 200] 47,826) —-247,326) 6 Lone a ee fe pee 
HK Cy 1/3; ime 
Nyra, 9-9-17W...... Aug. 1937 40 1 {ans KC, {3303| 24 | Lime 
eeepc 26-7-17W. .| Apr. 1937 160 8,137 15,815 2 |Lans. K.C. | 3,118 62 | Lime 

ebster so. esas. i . 
Westhusin, 11-9-17...} Nov. 1936 300 105,965 152,223 7 |Lans. K.C. | 3,231 11 | Lime 
Zurich, 26-10-19..... Sept. 1935 200 20,552 72,699 5 |Lans K.C. | 3,340 9 | Lime 

Fialsh, Coupity) ara cice ovis = : 432,755 699,041} 20 
Otis, 10-18-16....... July 1934 420,382 663,137} 17 | Reagan 3,527 9 | Sandstone 
Winget, 15-16-16. ...| Dec. 1936 80 12,373 35,904 3 | Lans. K.C. | 3,248 4 | Lime 
Russell County......... 10,866,874} 46,872,023} 1,016 ; 
Allon, 21-14-14...... July 1937 240 46,314 56,172 6 |Lans. K.C. | 3,008} 47 | Lime | 
Anschutz, 10-15-13...| Apr. 1936 80} 14,978 62,387 2 ee 5 sot Z pelouste 
Atherton, 30-13-14, . .| July 1935 400 134,164 310,615 { 10 Arbuckle . 3,284 # Dolomite 
.K.C. 3, e 
Balta, 32-13-14... Mar. 1936 120] 18.522 87,941] 3 { Arbuckle |3'301| 12 | Dolomite 
Balta North, ; 

29-13-14 W BEE as July 1938 160 8,469 8,469 3 | Arbuckle 3,311 6 | Dolomite 
Benso, 9-14-15....... Feb. 1936 40 4,406 20,177 1 |Lans. K.C. | 3,030) 66 | Lime 
Berri chy ot kiya Dec. 1935 


10 Production included with Stumps (old pool reestablished). 
11 See under Barton County. 

12 Abandoned but reinstated in 1938. 

13 Abandoned 1938. 

14 Joined to Hall in 1938. 
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TaBLE 1.—(Continued) 


Production Lap Producing Horizon 
: : i Wells : 
Field and Location Discovery | Area, To |Thick- 
Date Acres In 1938 | Cumulative toe Name Top, | ness, | Character 
amg:.| "js ae 2 ieee 
2 |Lans. K.C. | 2,908} 42 | Lime 
Big Creek, 36-14-15W| July 1935 900 310,592 969,163 rs Chae a a 
Big Creek East, . 

B1-14-14W Sacto age July 1938 40 4,232 4,232 1 | Arbuckle 3,149 4 | Dolomite 
Boxberger, Mais. Dec. 1935 160 17,371 103,523 4 |Lans. K.C. | 3,147 4 | Lime 
Bunker Hill, 31-13-12 | Oct. 1935 160 14,979 43,467 3 i 3 . aes = 
Coralena, 17-15-13...| Oct. 1936 600| 252,613] 455,853 { of | Atpecka 48 iss] 8 | Dale 
Coralena East, : 

a ee sateatectne July 1938 80 6,042 6,042 2 |Lans.K.C. | 3,000) 64 | Lime 

h, 
eiaret ie eS July 1938 40 4,061 4,061 1 | Arbuckle 3,228 4 Dolomite 
Donovan, 10-15-15...} Feb. 1935 40 3,623 20,011 1 | Lans. K.C. | 3,193 7 | Lime | 
Dubuaue, 34-15-12...] Oct. 1935 160 21,179 116,222 2 | Arbuckle 3,275 3 | Dolomite 
Eichman, 34-15-13...| May 1935 800 166,217 538,585 8 | Arbuckle 3,316 10 Dolomite 
Fairfield, 22-15-13W.| Dec. 1938 40 1 a pas - ers = poeus 
Fairport, 8-12-15W..| Nov. 1923 3,600 674,127| 13,164,474) 149 \ Gerba “|3'011/ 6 Bendabane 
Foster, 19-15-15W...| May 1938 40 5,020 5,020 1 | Lans. K.C. | 3,114 2 | Lime 
Gideon, 8-15-14W....| June 1930 40 4,530 1 1. Pr BSC; 3,266 7 ee : 
omera’ 
ll opeka 765 ime 
Gorham, rama | Oct. 1926 6,000} 2,525,227] 12,723,378] 4140 |Lans. K.C. |3,027| 30 | Lime 
Gorham East 2| Arbuckle | 3,289] 4 | Dolomite 
128 ag C ae : Sandstone 
Apr. 1938 4 | Lans. i ime 
Green Vale, 4-15-12W Rey 1938 sh el 11,747 { 1 | Arbuckle 3,267} 21 | Dolomite 
1 | Topeka 2,675 Lime 
Gurney, 23-14-14. ...] Mar. 1935 600 124,883 418,281 1 . sey - 3,001 5 ena * 
e-Cam! rani 
Gurney South, 6 | Lans. K. C. 2,890 5 | Lime 
35-14-14W........ Oct. 1936 320 141,282 312,408 1 - i. K. C. ree 10 aes 
orham t ndstone 
42 |Lans. K.C. | 2,985} 100 | Lime 
Hall, 30-14-13....... Oct. 1931 1,200] 368,973} 1,150,928 ‘ a shale Her Mig far 
mes 1 | Pre-Camb. 3,156] 25 | Granite 
Hall North!’......... 
Karst, 27-15-14W....} Oct. 1935 160 33,675 119,195 4 | Arbuckle 3,315 4 Dolomite 
Letch, 34-14-13W....| July 1936 | 1,200] 319,701 396,396 { Pa beep aria cy ti pee nl bm 
Letch South, 

84-14-13 W Aug. 1938 40 3,511 3,511 1 | Lans. K. C 2,916 10 Lime 
Michel, 36-14-14... .| July 1937 160) 25,178] sogstl{ 3) Topeke 3ST ds \Lane 
Neidenthal, 
pC 1) ere Aug. 1934 600 91,316 725,408 13 | Arbuckle 3,246 4 Dolomite 
Russell, 22-13-14.....| Feb. 1934 | 1,200] 459,308) s,ez1,516|{ 3 | hans if. 13085) 9 ime 
Schneider, 35-15-14W | Nov. 1938 80 1,699 1,699 2 a ang . eed 6 kai 

ans, ‘ 9 | Lime 
Sellens, 26-15-13W...| July 1929 1,200 227,891 30 | ae hankte 31352 13 | Dolomite 
Smoky Hill, 2-15-14W] Feb. 1938 40 704 1 | Lans. K. C. ,950 9 | Lime 
Steinert, 21-15-15W. .| March 1936 40 7,058 : ee = Cc. ete 36 iene 
ope! 9 7 | Lime 
12 | Lans. K.C. | 3,062 2 | Lime 
Trapp, 23-15-14..... Oct. 1929 15,000) 4,562,327 1 | Congl. oe 
glomerate 
319 | Arbuckle 3,252 1 | Dolomite 
Trapp South!’,...... 
Trapp Southwest’... : 
21 | Lans. KC. | 3,004) 30 | Lime 
Vaughn, 17-14-14....} Apr. 1937 1,000} 245,530 1 Gunes, 3,282 7 weer 
rbuckle olomite 
Williamson, 9-14-14. .} Feb. 1936 160 8,851 29,717 2 | Tarkio 2,522} 28 | Lime 
Boe hes bic hick avout? 
allow Water, 
15-20-38. .5....... Dec. 1934 600 341,056 492,502 8 | Mis. Lime 4,670} 16 | Lime 
Sedgwick County....... 1,411,292] 40,554,947 6 
Andover South, : 
86-27-2H.. 0... 200s Nov. 1937 80 11,064 Wilcox 3,098 


1 | Sandstone 
Lim 


Bentley, 19-25-1W... e 


Apr. 1934 40 1,338 Lans. K.C. | 2,911 


15 Includes Dumler, Milberger, Petersen and Sullivan. 
16 Merged with Hall 1938. 
Merged with Trapp 1938. 
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TaBLeE 1.—(Continued) 
ng a ee le a Ell I ee 


Production ee Producing Horizon 
Field and Location Discovery | Area, Wells : 
To |Thick- 
Date Acres In 1938 | Cumulative Br: Name Top, | ness, | Character 
ing Ft. 
Chenoy8et etre 
Cross, 27-25-1W..... Apr. 1929 160 11,162 62,300 Lans. K, i 
Pactboronsh Necth, 2 | Lans. K.C. | 2,690) 40 | Lime 
is ae ee Aug. 1938 80] No runs 2 | Viola 3,258 4 | Lime 
ee Aug. 1929 | 1,000| 251,201] 7,467,056) 46 | { Chat etl Pet genase! 
} Lans. K.C. | 2,614) 2 | Li 
Goodrich, 16-25-1E. .| Dec. 1928 640 267,979 2,117,900 32 es e010 10 Tasol Res. 
iola 133 3 | Lime 
. Chat 2,865 3 | Insol. Res. 
Greenwich, 14-26-2E.]} May 1929 700 361,942 8,875,597 43 1 vile 3,321 5 Lime = 
ilcox andstone 
Kuske, 24-25-1E..... Jan. 1929 40 319 132,880 1 | Burgess 3,489 2 on és 
F omerate 
Oatville, 18-28-1E. . .| Nov. 1937 40 5,216 5,216 1 | Wilcox 3,489 2 Sandstone 
Robbins, 20-28-1E...| June 1929 420 148,856} 2,660,167} 56 Gos 3,090 12 | Insol. Res. 
isener 3,368 7 | Con- 
Valley Center, moore 
1-26-1W Aug. 1928 1,500 352,125} 19,215,414 78 Lans. K. C. | 2,579 ie Nia 
Viola 3,366 2 | Lime 
be hide hPa ae ye 1,378,907 4,479,507} 198 Arbuckl 1 Dol 
onham, .| Apr. 1 uckle 4,210 10 olomite 
Drach, 12-22-13W. ..| Nov. 1937 800 67,043 68,733 11 | Arbuckle 3,693 12 | Dolomite 
Fischer, 31-21-12W. .| May 1938 120 6,939 6,939 3 | Arbuckle 3,641 7 | Dolomite 
Gates, 27-21-13W....| May 1933 640 71,063 391,028 11 | Arbuckle 3,679} 39 | Dolomite 
Jordan, 15-25-14W...| Nov. 1936 160 45,518 96,687 4 | Lans. K.C. | 3,722 5 | Lime 
Kipp, 27-25-14W . .. .| Jan. 1937 80 17,715 39,916 2 |Lans. K.C. | 3,827 79 | Lime 
Leesburgh, 12-25-13W| Apr. 1938 40] None None 1 | Arbuckle 4,153} 10 | Dolomite 
Max, 35-21-12W..... Aug. 1938 40 477 1 | Arbuckle 3,570 5 | Dolomite 
La et ea: ...| Mar. 1938 80] None None 2 | Arbuckle 3,594 7 | Dolomite 
attlesnake, 
ated MPrerits «Sirs Oct. 1938 40 2,379 2,379 1 | Lans. K.C. | 3,608 48 | Lime 
ichardson, 
36-22-12W........ Oct. 1930 1,200 530,318] 2,915,246 59 | Arbuckle 3,537 62 | Dolomite 
fe 9 | Li 
St. John, 23-24-13W..| Apr. 1935 | 15200/ 159,148] 368,928 { Mens ct giel byt eee cop ae 
¥ 2 |Lans. K.C. | 3,278} 136 | Lime 
Sittner, 33-21-12W...} Aug. 1937 600 80,734 83,661 | 7A Sane 3'600 6 Delomite 
pint out. May 1938 40 5,544 5,544 1 | Arbuckle 3,594 6 | Dolomite 
rr i 4|Lans.K.C. |3,111] 38 | Lime 
ae ...| Apr. 1936 320 26,341 122,514 { Ba Anhackls 31394 190 Dolomite 
Snider South, 
16-21-11W....:... Aug. 1938 40 2,699 2,699 1 | Arbuckle 3,402 7 | Dolomite 
Zenith, 23-24-11W...| Sept. 1937 2,100 362,989 374,756] 97 | Misener 3,804] 20 | Sandstone 
Sumner County........ 1,769,837) 38,573,075| 277 4 
Anness, 2-30-4....... Oct. 1937 40 7,432 22,598 1 | Wilcox 4,394 7 | Sandstone 
Caldwell, 17-35-3W ..| May 1929 160 52,789| 1,217,760 4 | Wilcox 4,765} 19 | Sandstone 
Churchill, 25-31-2E ..| July 1926 1,000] 253,510] 17,947,992) 69 | Stalnaker ae 25 Pye eine 
Latta, 9-30-2W...... June 1927 160} 40,457 7 | Kansas City { euieiaad tee 
Nevitt, 36-32-2E..... July 1937 40 1/K.C.Lime | 2,608 Lime 
15 | Stalnaker 2,020 Sandstone 
Oxford, 23-32-2E....} Aug. 1927 800 431,341] 13,734,035 aS ae eae rr A ee 
uckle ; olomite 
Oxford West, 17-32-2.| May 1926 160 12,305 459,499 4 | Arbuckle Dolomite 
Pesestt, oe 4 Oct, 1924 1,800 89,243 1,689,243 22 at Nes 3,474 28 Re ae 
j * ur ba: andstone 
scree alia 160 2 |e. Dolomite 
Rutter, 21-33-2E....| July 1926 40 12,990 26,591 1 Chat 3,315 IR 
Tate, n Nort, Me ea Aug. 1938 1,370 1,370 1 | Simpson 3,722 7 | Sandstone 
pane | ort) 
15-35-2E.......... July 1915 200 44,979 145,881 5 | Chat 3,443 DPA || 8a 
Wallington. 33-31-1W] Dec. 1929 1,200 819,977| 3,324,662 97 Chat 3,655 11 | IR 
aes 7-30-1E. Nov. 1937 40 eee 3,444 * Wilcox 3,866 3 | Sandstone 
Trego County.......... ' ; 
Cagle: a ees -| Dec. 1936 40 4,766 9,808 1 | Arbuckle 3,830 8 | Dolomite 
Rega, 20-13-21W....| May 1929 40 1/P.B.C. 3,960 12 eet 
Wakeeney, 14-11-23W| Oct. 1934 1,800 84,029 301,670] 12 |Lans.K.C. | 3,619 8 | Lime 
Woodson County....... 329,595 
Big Sandy, 14-26-14E 20 
Hoagland, 2-24-14B. d 15 
oe aes sn. Ee 12 
15-23-1 ned Peat acess. 7,700 267,000 225 | Mis. Lime 1,575 65 | Lime 


18 Abandoned in_1938. 
19 Abandoned. 
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Ritz Canton field). As might be expected, most of the repressuring is 
done in the old areas of eastern Kansas in Chautauqua, Allen, Bourbon, 
Elk, Crawford, Neosho, Anderson and Linn Counties. However, a 
number of wells are in pools of Greenwood, Butler, Sumner and Cowley 
Counties. Very few wells are being repressured in McPherson and 
Sedgwick Counties. 

Acidization.—The use of acid continues to be important in the produc- 
tion of Kansas wells. Inasmuch as the greater portion of the present 


TABLE 2.—Producing Gas Fields in Kansas in 1938 


Production A ; 
Millions Cu. Ft. | Nem. Producing Horizon 
, ———_—_————_| ber of 
Field and Location Discovery | Area, Wells 4 
Date | Acres Pro To |Thick- 
In 1938 ican ducing) Name Top, | ness, | Character 
Se Ft. | Ft. 
Barber County 
Medicine Lodge........... Jan. 1927 | 5,000} 5,085 60,928 23 | Chat 4,455] 10 | Insol. Res. 
13-33-13 W 
Barton County 
Deri aca ae ace « casidesaee Jan, 1935 (See Otis in 
Rush) 
Clark County 
Morrison es de. cctnnsdes Noy. 1928 160 1 | Conglomerate | 5,443] 32 | Conglomerate 
21-32-21W 
Haskell County 
Batantaceda.c. «aucccse (See Southwest 
. Kansas) 
Harvey County 
Sperling s.§ saws cuaties oma Jan. 1935 600 545 6,131 8 | Chat 2,955] 50 | Insol. Res. 
23-22-2W 
Cottonwood | 1,993} 57 | Lime 
Kingman County : Wabaunsee | 2,475} 10 | Sandstone 
Cunningham. a5... .ace00. Aug. 1930 1,127 4 Viola 3,922) 36 | Lime 
80-27-10W Simpson 4,003] 52 | Sandstone 
Arbuckle 4,109} 75 | Dolomite 
McPherson County 
Moundridge.............. Mar, 1938 160 1 | Mis. Lime 3,007} 9 | Lime 
12-21-2W 
Pratt County 
OMiTO ee aision a site iels 0's Nov. 1935| 1,800) 219 567 3 | Viola 4,278| 8 | Lime 
7-28-11W 
Reno County 
pares Pyrat seater Sept. 1930} 5,000} 6,100 | 30,536 52 | Chat 3,298} 70 | Insol. Res. 
NOOO AMO: sifeduaresane es Oct. 1935 800} 900 4 | Chat 3,402] 50 | Insol. Res. 
34-24-5W 
Rice County 
een sea Seih sain wmettele June 1935 160 13 1 | Lansing 2,884) 10 | Lime 
kere ios tin ical erates eos Sept. 1937] 1,800} 2,20914) 2,20914} 65 | Arbuckle Dolomite 
th, uekanvnat ocbaucoes July 1933 640} 581 3 |Lans. K.C. | 2,906} 380 | Lime 
27-18-10W 
heey. Santee anniv event 6 Nov. 1937 40 1 | Conglomerate| 3,339} 5 | Conglomerate 
TEU Dats Src: wc ksie aivte oh Oct. 1937 160} 549 1 | Misener 3,317) 1 ‘onglomera 
22-21-9W yi pO he 5 
Rush County ut 
1 ssissp diate steep vleiateabre 14 ar. 1930] 15,000} 6,800 | 36,453 58 ? 
ener Reagan 3,507; 2 | Sandstone 
Sedgwick County 
Derby, 32-28-2E.......... Aug. 1937 160 85 3 | Stalnaker 2,215} 17 | Sandstone 
“Well Sia Dec, 1929 | 1,200} 1,049 7 | Chai 
QUUNKON oc dees aoe ec, B hha! ‘ 9 t 3,6. 12 e 7 
33 LAW 55 Insol. Res. 
Various Counties in Southwest 
st creas 192: 
MEGLOD Feb anc i eueis ikees 922 2 |26,659 |146,170 | 272 | Big Blue 2, i 
3-35-34W million : ioe faa Ee 
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production comes from dolomites or limestones, there is a strong tempta- 
tion to increase the porosity of the producing horizon by this chemical 
method. Whereas a shot of from 500 to 1000 gal. is common in eastern 
Kansas (for the Mississippi lime or the Kansas City lime), much larger 


amounts are used in western Kansas. 


During 1988 a number of wells 


TaBLE 3.—Summary of Drilling Operations in Kansas 


Important Wildcats Drilled in 1938 


County and Pool Name Location Discovery Well hates Producing Horizon and 
1. : Depth, Ft 
Barton: 
BO vOneta ee sees chs cata 3-18-14W | Long & Johnson No. 1 Eveleigh Arbuckle 3365-67 
Cla wean tal ccs <li: artcincoioat> 17-20-11W | Virginia Drl. Co. No.1 Clawson | 679 Arbuckle 3285-3294 
Ellinwood West............. 7-20-11W | Ash No. 1 P. Schartz 473 nat. | Arbuckle 3346-3352 
Ee ees See ae aa, Oe 20-20-11W ros et Senne 669 nat eae pee 
Se 17. rauck No. 1 Soderstrom 1,065 ans. K. U, 
Hoisington avs htc cd it ae 21-17-13W es NGM Salarteom 423 enacts 3440-3462 
ODIN er cnet fon oerephideescccate ac 10-17-12W | Price No. 1 Wondra 539 Arbuckle 3340-3342 
Phasiete ees. eiosccnin danas W- 20-16-11W | Sinclair No. 1 Prusa 1,313 Arbuckle 3335-3352 
i hi SCA CHAE ROCe a 36-19-12W | Ash No. 1 Wolf estate 501 Arbuckle 8346-3374 
owley: 
Dibarer eae nce: 29-30-5E ‘| Spencer No. 1 Dunbar 625 Kans. City 2229-2265 
Frog Hollow East........... 21-32-5E Blair No. 1 Dunlap 352 Bartlesville 3042-3054 
Peres Sams Tefele chs asf ofore ieee 9-33-6E Smith No. 2 Wilson 433 Arbuckle 3519-3523 
is 
Bemis South... 2.03 ced. 2-12-17W | Cities Service No. 1 Hall Arbuckle 3592-3603 
Burnett South.............. 12-11-18W | Duwe Farris No. 1 Hadley 1,266 Arbuckle 3330-3333 
eavey.... 24-11-18W | Darby No. 1 Peavey Arbuckle 3425-34 
Chards) ascites antracace 5-11-18W | Glimac No. 1 Richards 941 Lans. K. C. 3360-3373 
Ellsworth, Schroeder........... 29-17-9W | Cities Service No. 1 Schroeder 2,644 Arbuckle 3205-3215 
Finney, IN gtiiniteraeaenet ctr 5 27-21-84W | Atlantic No. 1 Nunn 604 Mis. Lime ean 
890-4910 
Ford, Pleasant Valley.......... 34-27-21W | Sincair No. 1 Young Gas Mis. Lime Se aati 
. D. 5995 
Graham, Morel:............... 15- 9-21W | Continental No. 1 Morel 2,105 Arbuckle 3718-3720 
Kingman, Sheperd............. 10-27-10 Bunte Bros. No. 1 Sheperd 40 Tonganoxie 3500-3510 
McPherson: 
Lindsborg........... 8-17-3W | Carter No. 1 Hoglund 345 Viola 3352-3373 
Moundridge 12-21-2W | Drillers No. 1 Decker Gas, 7,000 | Mis. Lime 3007-3016 
cu. ft 
Roxbury.sc.<..05. 18-17-1W | West. Kans. No. 1 Fraternal 419 Mis. Lime 2684-89 
ne, Buhler.... 25-22-5W | Westgate No. 1 Johns 912 Wilcox 3895-3902 
ice: 
Gramm North.,............ 15-19-9W oe ee mace cpa a Pres 
. aiser No. einz 1,041 ans. K, C. - 
LGU rae artes aoe hid wield are) eigcote 8 8-18-10W Transw. No. 1C Habiger 183 Arbuckle 3254-3268 
Proffitt: 12-20-10W | Tatlock No. 1 Proffitt 299 Arbuckle 3327-3335 
ie sie NOS cemeet crete cyte ctetrce 18-20-10W | Tatlock No. 1 Burchart 309 Arbuckle 3292-3297 
usse. 
Balts. NOL sons ccd csceis¥e oie 29-13-14W | Phillips No. 1 Miller 814 Arbuckle 3311-3317 
Big Creek East. 31-14-14W | Aylward No. 1 Solback 836 Arbuckle 3149-3153 
Coralena East. . 9-15-13W | Shield No. 1 Rogg 588 Lans, K. C. 3000-3064 
Coralena South. 17-15-13W | Southern No. 1 Letch 1,172 Arbuckle 3228-3230 
Fairfield. . 22-14-13W | Southern No. 1C. Sellens 153 Arbuckle 3352-3377 
Foster..... 19-15-15W | Parks et al. No. 1 Foster 341 Lans. K. C. 3114-3116 
Greenvale... Seiac ceicseeeee gee 4-15-12W | Jones et al. No. 1 Kuhnle 945 Lans. K. C. 3040-3045 
Jones et al. No. 1A. Kuhnle 394 Arbuckle 3267-3288 
Meteh Southiic..ccscc+ccnece 34-14-13W | Coralena No. 1 Hefferman 758 Lans. K. C, 2916-2926 
Schneider's) ecco s guia ste 85-15-15W | Wes. Kans. No. 1 Schneider 1,844 Arbuckle 3349-3355 
feyen Ya) 'a.(Ae 2 URIs Se eee ere Rice 2-15-14W | Coralena No. 1 Mithcell 1,139 Lans. K. C. 2950-2959 
Sedge, Eastborough N....... 8-27-2E Nat. Refg. No. 1 Trustee 420 Viola (Hunton?) 3258-3261 
taffor 
Bonham 28-25-12W | Nat. Refg. No. 1 Bonham 330 Arbuckle 4204-4210 
JSR Cie Soe A ee 31-21-12W | Sacco No. 1 Fischer 783 Arbuckle 3641-3648 
Wess burghiis... ciccceveioe vier 12-25-13W | Cont. No. 1 Fair 853 Arbuckle 4153-4162 
RAMONE Te/cinionie, ehh. o io tne 35-21-12W | Rowley No. 1 Max Sittner 1,218 Arbuckle 3570-3575 
IN VEN Ghs oe og ET 29-21-12W | Torre & Feaster No. 1 Mueller 1,210 Arbuckle 3594-3602 
Rattlesnake. . 13-24-14W | Atlantic No. 1 Wise 85 Lans. K. C. 3644-3656 
Sittner South............... 3-22-12W | Stano. No. 2 Siefkes " 2,221 Arbuckle 3594-3601 
MIGOP SOULH. He ives. ces 5s 16-21-11W | Cities Service No. 1 B. Smith 404 eee sears 
cox = 
Sumner, Tate........0...000- 31-32-26 | Murphy No. 1 Tate 116 oer 
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in the Letch pool, Russell County, were treated with 10,000-gal. shots 
and in one case 20,000 gal. was used. This probably constitutes a 
record up to date for Kansas. A well drilled by the Lario Oil Co. in 
the Shutts pool (No. 3 Marshall in 31-11-17) came in with a production 
of less than one barrel of oil per hour. After being treated with three 
shots of 500, 1000 and 3000 gal., respectively, it responded with a produc- 
tion of over 100 bbl. per hour. This almost proves that a dry hole may 
be converted into a commercial producer. 

Active Pools —The most active pools of the year were the Zenith, 
Trapp, Silica and Bemis pools. The first of these proved most attractive 
because of the presence of a real sand (Misener) of considerable thick- 
ness. The Zenith pool now has over 97 wells and a potential productive 
capacity of over 208,000 bbl. per day. Similarly, the Trapp pool at 
the close of the year had 334 wells with a potential of over a half million 
barrels. It holds first honors in this respect. The Silica pool on the 
same date had 455 wells with a potential of 445,000 bbl. The Bemis 
pool was not far behind these top notchers with a potential of 435,000 bbl. 
from 218 wells. 

Wildcatting.—Important dry holes were drilled in Thomas, Graham, 
Riley and Norton Counties. The Thomas County well furnished valu- 
able geological information, although it is hard to interpret, because of 
the almost unbroken succession of limestones found below the Permian 
system. One well in Riley County (Coronado No. 1 Parks) gave geolo- 
gists a start when it showed thick Hunton limestone immediately below 
the Pennsylvanian and also the absence of the Arbuckle between the 
Simpson and the pre-Cambrian. Two of the wildcats were successful 
in opening new pools. One of these was in Finney County, where the 
Atlantic Refining Co. discovered the Nunn pool. The other was in 
Graham County, where the Continental Oil Co. discovered oil in the 
Arbuckle limestone to open the Morel pool. As the year closed the 
greatest interest came to be attached to northeastern Kansas. The area 
known as the Forest City Basin, lying between the Nemaha Granite 
Ridge on the west and a similar ridge in northeastern Missouri, was 
being examined by every important oil company. All available geo- 
logical information is being collected. Furthermore, an active leasing 
campaign is under way. 
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Oil and Gas Development in Kentucky during 1938 


By Cotzeman D. Hunrer,* Iney B. Brownine,{ AND RALPH THomast 
(New York Meeting, February, 1939) 


Propuction of oil in Kentucky during 1938 was 5,566,154 bbl., 
showing a substantial increase over that of the year 1937; while in the 
gas areas development was somewhat retarded although deliveries were 
similar to those of 1937. 

In eastern Kentucky there was an oil increase during 1938 of over 
150,000 bbl. above that of 1937. No new pools were developed and the 
increase was almost entirely due to the installation and expansion of 
secondary recovery methods and to the further development of the Maxon 
and Big Lime, Mississippian pools in Floyd and Martin Counties. With 
this development eastern Kentucky reached a level near that of 12 years 
previous, when the development of several large producing areas had 
just been completed. 

In eastern Kentucky during 1938 not over 50 gas wells were completed. 
Although the pipe-line deliveries were approximately the same as during 
1937, development was retarded because of an excess of gas already 
developed and the intensive development of the Oriskany fields in 
West Virginia. 

In western Kentucky, in the part of the Illinois Basin lying in the 
state and known in Kentucky as the Western Coal Basin, the increase 
was due to the discovery of a number of new pools, the largest and the 
one producing the biggest wells being known as the Birk City pool. 
In fact, the discovery of this pool with the McClosky ‘‘sand” (St. 
Genevieve limestone) as the producing formation was in a large measure 
responsible for the increased activity, which in turn brought the discovery 
of the other areas. 

The discovery well in this pool is the C. T. Blackwell, which came in 
flowing 1000 bbl. daily from the McClosky sand at a depth of 1870 ft., 
drilled in April 22, 1938. This discovery, coming at a time when the 
major companies and many others were conducting an intensive leasing 
campaign and making extensive subsurface and geophysical surveys in 
the deeper part of the basin, resulted in renewed activity over the entire 
area and brought much new drilling. It also brought to Kentucky for 


Manuscript received at the office of the Institute Feb. 15, 1939. 

* Geologist, Kentucky West Virginia Gas Co., Ashland, Kentucky. 

+ Geologist and Operator, Ashland, Kentucky. 

¢ Geologist, Ashland Oil and Refining Co., Ashland, Kentucky. 
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OIL AND GAS DEVELOPMENT IN KENTUCKY DURING 1938 


TaBLE 1.—Oil and Gas Production in Kentucky 


BS0 ©  omepew wm | Line Number 


26 


Area Proved, Acres Total nich iis me 
Age, 
Field, County Mees 
of 1938 
7 a ToEnd of | During 

se oo 1938 1938 
Big Sinking, Lee, Estill, Powell, Wolfe............. 19 14,100 38,058,222 740,rz2t 
Ida- May 22iea tp cet asomcet aacatesnine tarde pian 13 377 703,222 74,0482 
Pebwearth, ‘Owsley i. citar v <:sarsiaictelst peleteistaetere wielaas 15 60 Ti ,crz 2,cza 
Ross Crock, Wattil) ccc. sincernremscletem mersiw tne 21 468 805,167 17,851 
GOOChy A LEB rcin85. gta cvaionts cde miiwainiee eee cakes 18 75,522 lrx 
SETRDUOP LIEB y vie cles tele e: «co Hace pletote Mele celasvelsorneaceta 9 120,z2z 12,237 
ABHIBY, POOLE... c:cejtccs,< vale cinierepieite site roaieen 21 1,091 3,087,222 76,836 
EPVine, Hated alec acovs tisisieais s/seieisjare se vay’ e slersteire 23 4,72x 13,222,222 160,222 
Waseaville, attll. sac <\s.0isiye etoile ein elaleie's raise erais 21 400 450,127 17,124 
Campton-Stillwater, Wolfe............eseeeeeeees 26 1,447 662,113 9,904 
Buffalo Cr. Oil: Pool, Owsley fo. se aiac seek ec: 16 12 32,222 2,crz 
Taland ‘CroeK, Owsley: ....0c:. cece scceerccees 11 20 9,899 0 
Olympian Bath oid. duh erate dos Hekate see teens 21 (Depleted. Abandoned since 1920) 
Menifee Oil), Ment yee auc casisanieeienc sarees cateie 18 Abandoned. Wells pulled) 231,835 
Ragland Oil, Bath, Rowan.............00eeeeeees 373 258,930 
Cannell: City. Morgane cuca dei< taste give toa cteeineoe’s 26 600 378,507 678 . 
Oil Springs, Johnson, Magoffin.............ee000e 19 6,100 9,255,798 | 222,0974 
Burning Fork, Magoffittes <5 ):c0 sivas accivaisesecee 16 918 1,759,981 52,1745 
Blaine, Lawrence, Johnson...........eeeeeeeeeeee 20 6,820 15,543,886 480,937 
Ping i ONNCONT ed cieass vsis dcewscaraasysalonie ara wtaetian 18 1,593,165 39,334 
Louisa Pool, Lawrence yccvac cue see's vistas secs vers ve 26 lrr 600 1,568,193 34,649 
OY GAs, BHOUd. conersae eaiheale heeaentn scama.s ee 7a 35 See 

Beaver Cr. | 229,500 

Teaniville,: FesOrbsiucin re eheipleis.« avete thereat v Cine Galeleter 22 146 2,000 86,991 ° 3,096 
Big-Sandy Oil; Floyd, Knott....ccvccssvevcvievccss 21 160 218,722 48,285 
McKinney, Lincoln 17 4,502 
Pike County Gas Field, Pike..............ceeeee 8 57,000 


@ Footnotes to column heads and explanation of symbols are given on page 250. 

1 Increase in Lee, Powell and Estill Counties due to repressuring, reconditioning, acidizing and new inside drilling. Of 
the 10 pools that make up the Big Sinking pool, there was an increase in production in all but two. 
2 Increase in production due to new wells and repressuring. 


3 Depleted. Abandoned in 1931. : 
4 Increase in production due to repressuring. 
5 Natural decline. 


COLEMAN D. HUNTER, ILEY B. BROWNING AND RALPH THOMAS 317 


TaBLE 1.—(Continued) 


Total Gas Oil-production Character of Oil. 
Production, Number of Oil and/or Gas Wells Methods at End of Pressure, Lb. Approx, A é 
Millions Cu. Ft. 1938 per Sq. In.4 ate 1938 se 
During Average at | Gravity A.P.I. 
1938 At End of 1938 Number of Wells End of at 60° F. 
he 3 Sao 
gis | 2 | 28 3 
gee tes | es | ee) eS |e Fy ~ | 8 1937|1933| Weighted 
5| 8 be = x) 2/8 8 3 oo 2 S a Average 
gi |B | BS |e] 2] Be] BBE] 8 | 2 |S 
Ales) | On| eet [ieee theses Sm ese Se a4 
1 2,502 | 4¢ 2,522 2,200 12 40 
2 Ir 122 lle 
3 15 
4 182 8x 
5 13 11 
6 15 15 15 41 
7 523 523 4au 
8 llr 1,0za 1,022 
9 150 32 
10 275 275 7x 
11 7 4 4 41.8 
12 6 0 39 
13 20 
14 150 
15 | 100 100 
16 75 75 11 1B 
0) 
bi 1,055 1,055 1,033 204 | 180 | 300 | 300 36.5 
18 159 159 159 36.5 
19 1,118 1,118 1,118 550 y | 360 36.5 
20 250 250 230 36.5 
21 286 286 234 38.5 
22 y y 1,2628 | 382 | Ix 1,245 
23 39 2 26 8 23 
24 61 | 10] 0 55 2 6 | 3914 
25 8 0] oO 4 4 
ee 26 y y 192 | 10} 0 192 


6 Does not include oil wells. 


7 Field has been abandoned. 


12 Injection into reservoir. ne 
13 Acid treatment has not been successful in this field. 


14 Gas lift. 


See Beaver Creek, 
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TaBLE 1.—(Continued) 
Deepest Zone 
Producing Formation Tested to End of 
~ 1938 
Depth, Average 
in Feet Reference 
to Text 
a) | xe eee 
e ame /|0 e, 
5 se nee Bottoms | To Top om Ft. 
I of Pro- | of Pro-| & = ae S 
3 ductive | ductive 3 ic = g 3 
es Wells Zone & ‘Boy oe 3 8 
I 5 3S 
5 Salas a 
1| Corniferous Dey, Sil 700- 650- | S,LS | Por | 30 MC | Tren 2,00z 
1,200 1,150 
2) Corniferous Dev, Sil} 1,000- 975- | S,LS | Por | 20+ MC | Dev 
1,200 1,175 
3} Corniferous Dev LS | Por| 20+ MC | Dev 
4| Corniferous Dev, Sil | 550-900 | 520-870} LS Por | 20+ 4g Ord 
5| Corniferous Dey, Sil LS Por | 20+ Dev 
6| Corniferous Dev, Sil 940- 900- LS | Por} 20+ MC J 
1,140 1,100 
7| Corniferous Dey, Sil tee: 550-950} LS | Por | 40+ AF 
8} Corniferous Dey, Sil eR 85-960} LS | Por} 40+ AF | Ord 
9| Corniferous Dev, Sil | 100-400 | 75-375} LS | Por | 25+ AF | Ord 
10) Corniferous Dev LS Por | 25+ AD | Dev 2,190 
11| Big Lime Mis LS } Por | 15 A Dev 1,962 | K.GS— 
“New Oil 
Pools in 
j Ky.” 
12} Big Lime Mis L Cav} 10-40 MC | Dev 
13} Silurian L Cav} 10+ MC | Ord 
14| Corniferous Dev 1,040- | 1,020- LS | Por} 20+ MC | Ord 
1,250 1,230 
15} Corniferous Dev 650-850 | 625-825; LS | Por| 25+ sc Ord 
16} Corniferous Dev 1,800- | °1,780- L Por | 20+ AF | Dev 
2,000 1,980 
17| Weir Mis 900- 860- 8 Por 35 DA Ord 3,815 
1,260 1,220 ‘ 
18| Weir Mis 1,080- | 1,040- 8 Por 30 D Ord 3,900 
1400 | 1,360 
19} Weir Mis 760- 700- 8 Por 60 D Sil 
; 1,060 | 1,000 
20| Weir, Berea Mis 640- 600- NS) Por | 30 DF | Dev 
1,100 1,060 A 
21| Berea Mis 1,600— | 1,575- N] Por | 20+ Ss Ord 4,975 | Owens Bot- 
1,900 1,875 tling Co. 
22| Salt sand, Maxon, | Pen 1,100- 900- | S,L, | Por,| 15-550 |A-D MC| Sil 3,643 
Big Lime, Big In-| Mis, 3.500 | 3,100 | LS,H | Cav T-N 
jun, Devonian} Dev 
oe Corniferous, 
23) Weir Mis, 875- 825- | S,H, | Por | 40+ A Dey 1,780 
Dev 1,500 1,350 LS 20+ 
350+ 
24| Maxon, Big Lime, | Mis 1,000- 950- | S,LS | Por,} 15+ ML | Ord 3,706 
Big Injun 1,500 1,475 Cav MC 
T 
25) Corniferous 121-360 | 101-390] LS 855 | Jillson— 
K.GS., 
enw VI, 
26| Devonian shale, 8-L 4,181 
Salt sand, Maxon, H 
Big Lime, Big 
Injun 
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TaBLe 1.—(Continued) 
eee ee ee 


Area ‘Proved, Acres Total VER ce eS 
ses 
. ears 
Field, County is Bed 
of 1938 Po Endict s 
be Oil Gase o ind of uri 
i ' * 1938 1938" 
Z 
s 
& 
27 | Martin Co. Oil & Gas, Martin................... 41 210 87,900 118,315 93,871 
28'| North Triplett Gas, Rowan..................0--- 34 1,200 
POMERMOUL COm Kites ait asian slate acer ase 33 40 111,000 
30 | Boyd Co. and Ashland, Boyd................... 14 16,640 
614 -Perry Gas: (Hazard), Perrys... s.ce00s.0000s +0006 8 1,400 
32-| Oneida-Burning Springs, Clay....................| 13 7,000 
8o1|.pburning Springs Gas, (Clay... ..c.2-.- cence wees 29 
S4ctindian' Creek Gas; Knows «os. e.ccterc ss ere essietvie ores 9 0 1,200 
4,600 EW. 
85. Artemus-Himyar Gas) Knot... ..... sce eves ees 8 5,000 
SbileRwed. bird One sel eam ears a picts oe ae ete asioars Asta 8 600 
37 | Williamsburg Oil & Gas Pool, Whitley............. 369 700 4,000 
MS suipiG| Gas Breatiiiiae16.0)upi ate sem ohare ie) sc 1810 1,600 
'391|Rothwell’Gas) BMentyee. .....< occ scwevccs cena eae 3711 15,360 
BON eowell Gas. Powell cteMeveries etme eae eens 6 
41 | Carlisle Gas, Gallatin, Carroll................20-- 6 
21 SWAMP Ore AS) MONNEO alone mem ceis-\-)- ieee eee: 11 3 3,000 Not 0 
marketed 

ABE lat Gap. Gasid ONBEOM ja ,015 +). +» aerae oniavielere doors 18 10,880 
BAF Wirr Gasy-J ORQ8OIS a caieis re.0isis nox tace sa\s sia (019 [ere veraie vite 21 1,980 
ABE ORID,| LCT ENCE soe aia. iain rast cforersrc e.ciecs tialataia) sla wees ¥ 9 550 0 0 
46 | Ivy-Licking and Mine Fork Gas, Magoffin......... 18 6,840 
47 | Green-Taylor Gas, Green, Taylor...............-- 17 Abandoned | | 
48 iC ecerload-Clinton, Cumberland, Clinton......... Abandoned. No Production 
AGRI tee RICHIANGS) 7020) «rere visio aeie diebstais. #4) <ta chg/ajatete 


Se a EEEnet 
9 Field abandoned. 
10 All but three wells in field abandoned. 


1 Used for storage. 
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OIL AND GAS DEVELOPMENT IN KENTUCKY DURING 1938 


es  _+LTTTTTSTTETEInERESSEUNNNTINN (ERSINENNIEESERSISRENSEERNERERINTE 


Total Gas Oil-production Presse Character of Oil, 
Production, Number of Oil and/or Gas Wells Methods at End of rs In rig Approx. Average 
Millions Cu. Ft. 1938 Laat aa during 1938 
During Average at | Gravity A.P.I. 
1938 At End of 1938 Number of Wells End of at 60° F. 
oS 
7 oa - S00 a 
Flee eA Bais z 8 . 
‘3 a = bo i) 2 Weighted 
= rd , tte E 6 | 2 5 we | 2 s 1987 | 1938 Average 
a! § I Boneless) aces Bio ileseuele eee le | 
e| 2 | 6 | gs |e) 3|se| sa 1b| ¢ | 2/8 
S| geil ee nies Smet ersce lars bt | fs pis 
27 y y 314 | 8] 0 26| 282 | 4 10 38 
28 17 10 45 
29 y y 226 | 12) 0 226 
30 y y 216 | 0} 22 2 214 y y y 
31 y y 7 0/ 0 7 
32 y y 82 | 2 26 305 
33 y y 5 58 
34 y y Zahn 
35 y y 19), 0° -0 9 310 | 310 | 310 
36 3 3 
37 30 0; 0 25 5 240 
38 y y 14 Get 3 
39 y 0 8x 
re 2a.) 2 Qa 
17 160 20 
42 y y 22 OF e.0 2 19 
‘43 y y Qrz | 0 | Qe 
44 y 7 28 22 
45 0 0 9 9 
46 y y 104 0 104 
a lxa lrr 
49 


8 Gas from this field is used only locally, for domestic purposes. 
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TaBLE 1.—(Continued) 
ee nee ene Ne 


4 : Deepest Zone 
Producing Formation Tested to End of 
1938 
Depth, Average 
in Feet 
Reference 
to Text? 
} ae Depth 
& Name Age Bottoms |/To Top gm Name _ of ae 
g of Pro- | of Pro- & rs as % 
is, ductive | ductive] + 2B] BM 5 
3 Wells Zones 8 ‘2B Ase st 
A= A 5 | 8% E 
4 oO AY Zz mn 
27| Oil-Maxon, Gas | Pen, 1,100- 700- | S-L-H | Por,| 10-600 | A-AF- | Dev 
Salt sand, Maxon, | Mis, 3,250 3,800 Cav D-T- 
Big Lime, Dev.| Dev MC-S 
shale 
28] Corniferous lime Dev 350 335 LS | Por |) 12 MC_ | Ord 1,501 
29) Salt sand, Maxon, | Pen, 1,300- | 1,250- | S-L-H | Por,} 20-500 | A-AM | Ord 
Big Lime, Big In-| Mis, 3,500 3,000 Cav H-MC- 
jun, Devonian| Dey D-T 
shale 8 
30| Corniferous, Salt | Pen, 2,200+ | 1,650+ | S-H-SL| Por | 50+ 4b Ord 4,669 | K.G.S. Serv. 
sand, Maxon, Mis, 400+ VI, 1926— 
Black shale Dev 150+ New Oil 
Pools in 
Kentucky 
31] Salt sand, Big Lime, | Pen, 2,700- | 2,200- | S-L-H | Por,| 50+ MC | Dev 3,637 
Brown shale Po 3,300 2,900 Cav | 500+ 
ev 
32| Corniferous Dey 1,550- | 1,525- LS Por | 20+ A. Dev 2,284 
1,700 1,675 MC 
33} Corniferous Dey LS | Por} 25+ ns Dev 
34| Big Lime Mis 1,550 1,500 L Cav| 20 iy Mis 1,552 
35| Maxon, Brown| Mis 1,110- | 1,080- | S-H-LS} Por | 30+ A- Dev 2,225 
shale, Corniferous | Dev 2,100 2,000 175+ 0 
100+ 
36] Big Lime, Brown | Mis 3,500+ | 3,400+ | L-H | Cav,} 100+ MC | Dev 3,725 
shale, Corniferous | Dev Por | 175+ 
50+ 
i ‘ Jillson 
Oil Oil d 
850+ KGS. 
Salt sand Pen 900+ = Por |) 30+ cas 
37 ES Lime Mis ‘ Gas 1,700-+ \ SL Cav us A Ord 3,350 aa ei E 
W7bOste we 20+ Pools in 
Ky. 
38] Big 6 Sil 1,750- | 1,725- 8 Por | 25+ A Sil 
1,900 1,875 
39| Corniferous Rag- | Dev 550-700 | 500-650} LS | Por | 40+ D Ord 
land sand 
40| Corniferous Dev ES Por") 2022 MC 
41| Trenton Ord 240-350 | 225-335} LS Por | 15+ C | Ord 967 
42| Maxon, Big Lime, | Mis 1,800 1,425 |8,L,H}| Por,| 40+ Deposi- | Dev 1,816 
shale Dev Cav | 350+ tional 
43] Weir, Corniferous | Mis, 780- 740- |S,LS | Por | 40+ D Ord 3,719 
Dev 1,200 1,160 
M 1100 | 1,070, 
+m: is, ,100 1 
44 Weir, Big 6 Sil 2,100- 2,050- 8, Ls Por 30+ A Dev 
2,500 2,450 
45) Corniferous Dev Hehe re 8 4) Port = 18 MC | Dev 1,983 
,760 , 
46| Weir, Black shale, | Pen, 1,100- | 1,050- |8,H,L| Por,| 40+ D-A | Ord 3,950. | Ky. W. Va 
Cornif., salt sand, | Mis, 1,400 1,350 Cav | 450+ MC- Gas Co 
Maxon, Big Lime, | Dev T-S 
Big Injun 
47 Ord 390-700 | 370-680; LS | Por | 20+ 
48| Sunnybrook-Tren- | Ord 200-500 8, LS | Por A-D cone. 1,934 
ton A 
49] Salt sand Pen 8 Por | 15+ A 


—_—_———————— EE ee 
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the first time the rotary drill, and as a result most of the drilling in the 
deeper parts of the basin where the Pennsylvanian formation has a 
great thickness is being done with this type of drill. Probably 90 per 


TaBLE 1.—(Continued) 


Area Proved, Acres Total sg vrei: 
Age, 
Field, County Ko End 
of 1938 
; To End of | During 

8 = a 1938 1938 
5 
a 
o 
A 
pi | 
50 | Needmore Gas Field, Owsley...........-......005 18 6,400 
61). Morton’s Gap, Hopkins... . 26.0.0. os sew caecccve 18 50 z z 
62 | MBuford Opie) cess! scare atte soate Cate tneegeoratatee 9 346 1,8yy,yyy Qyy,uyy 
DO lHADIb, DAUCSS sc: del oe breed cela vote cee oer alee 8 100 23y,vuy lyvyy 
G4|:Berbert; Ohio. occa aac: Peete siete erate 18 350 440,000 15,000 
65'| Rod Holy Daviess soo. ics ae eects sebie Gees ies 11 400 545,540 50,yuy 
56 | Bates Knob, McLean............0.ccccceanceeue 3 370 200,222 6y,uuy 
57 W Hackett: MeLeanve yoo05 onc neon ce ems 2 150 550,yuy 218,yyy 
SS sland, Moheaiteccssasessr eae ate ee ae 1% 150 230,yyy 213,uyy 
50" | Huntaville; Butlers’.c, 02.0 vo piken ani as aereaetets 1 Mo. x x 175 
60: Breslin; Bullenseans hen oes ote oe 1 Mo. 80 100 100 
61:|: Oklahoma, (Ohioisi. deen acenetecnsn eile seoee eek 7 Mos. 250 8,000 8,000 
62)! Rochester, Butlers cen teen ocr eara we eaten einer 5 Mos. 100 6,000 6,000 
G8) Harner, Budlen sr ctacn.s Gurwen «niste ni sree tae 5 Mos. 100 2,yyy 2,yyy 
G4 SilverGrtys Buller oc, ance cn « orca eases 5 Mos. 150 1,500 1,500 
65 | Spottsville, Henderson..............060 0c c eee 2 Mos. 60 1,260 1,260 
66 | Bebrea; W eberen : scccudounracn, ou ohetecue seat. | ee CeO. 300 300 
67 | Gilmore Pool, Henderson............0..00..00005 5 Mos. 150 18,000 18,000 
68 | Birk City, Henderson, Daviess....................| 8 Mos. 1,200 792,000 792,000 
69} Ambrose-Weller, Ohio. .......ccecettacsevesevae|, 18 600 4,126,000 25u,uyy 
70 | Wayne, Wayne, McCreary..........--2.-.0+0+00e 41 8,5ax 4,4yy,uyy 3y.yvuy 
71 | Logsdon Valley, Le Grande, Bonnieville, Hart...... 8 2,9uy 6,0yy,uuy lyy,yuy 
Tz | AAVEFMONS; MoLeaicccsed tours. ites seam years 3 545 13yy,vuy luy,yuy 
Te |: Barrett Bil; Boerne’ « csiset «0lslte «der foam acters 9 250 938,815 6y,uyy 
74 | Owensboro, Daviess, Ohio, McLean, Hancock, Breck- 

GNTUDDE saa Sotonc'ke cutie ch airtime er anne 16 10,800 30,c22,200 | 3,cr0,rrzr 
753| Niagaray Henderson: ccisac wees saediaae saan 8 218 600,000 6y,yyuy 
76| Muhlenberg, Muhlenberg............0.000.00 00008 9 269,224 10,yvyy 
77 | Bowling Green, Allen, Warren, Simpson........... 20 _ 12,400,000 180,yyy 
78 Barren, Barren sis averse (wate ies ons Pen eeues 19 3,667 2,575,029 75,uyy 
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cent of the wells drilled in the field and in the immediate surrounding 


area were drilled with rotary tools. 


The Birk City pool covers, as present defined, approximately 1500 


TaBLE 1.—(Continued) 


Total Gas Oil-production Pressure: lis Character of Oil, 
Production, Number of Oil and/or Gas Wells Methods at End of Hea EAC) Approx. Average 
Millions Cu. Ft. 1938 la Oh during 1938 
During Average at| Gravity A.P.I. 
1938 At End of 1938 Number of Wells End of at 60° F. 
Ey 
o| a ey 23 . 
<= aed oo 4 
US Ps eel eS Ga ge: pa a 1937|1938| Weighted 
& "| ao 2s 12 S| 5) 3 a & i—| 8 
a ai Big a} 3 ae Be e a 3 a 
Bo 2 | 8.| 68.418) 8) fs | Bs 18) Buls | 3 
aen ee eel Oulmed As Go le | Ses 
50 48 32 317 
51 a a Eg 5 
52 125 0 0 125 125 | 12x12 35.5 
53 12 0 0 12 12 35 
54 129 0 0 129 0 129 3 y 34 
55 45 0 0 45 45 y y 34 
56 y y 25 2 0 27 2 27 7] y y 36 
57 54 54 54 405 | 30 y 36.4 
58 14 9 14 14 36 
59 1 is 1 1 y 36 
60 1 1 1 1 y 36 
61 19 | 19 19 19 y 36 
62 12! 12 12 12 y 39 
63 14 | 14 0 14 0 0 14 0 y y 39 
64 12 12 0 12 0 0 12 y y 36 
3 3 3 2 1 y y 39 
ee 1 1 1 0 1 600 35.5 
67 6 Cy) 6 6 y y 38 
68 63 | 63 0 63 63 y y 38 
‘69 190 0 0 190 190 1512 36 
70 1,4yy 6yy 
ail 1,222 x co Lece 20% 1,222 
72 | 30z 170 158 158 §12 34.5 
73 57 0 0 57 57 320 40 35.5 
74 3,202 2,220. 35 
75 63 y 63 63 34 
76 20 20 20 
77 2,0yy Lyyy lyyy 
78 
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acres lying partly in Henderson County and partly in Daviess County 


just across Green River. 


The village of Birk City, 11 miles west of 


Owensboro and 17 miles east of Henderson, is about midway of the field, 


TaBLE 1.—(Continued) 


Deepest Zone 
Producing Formation Tested to End of 
1938 
Depth, Average 
in Feet Reference 
to Text? 
Z Pa 
8 Name Agee Bottoms | To Top be Name /o! ten e, 
g of Pro- | of Pro- | & as ae Sy 
= ductive | ductive a 2 | 3s = 
eal Wells | Zones| # | “@ | ES 3 
2 A | S| Se = 
4a 1S) AY Zz na 
1 
50| Corniferous Dev 900- 850- LS Por | 40+ MC | Dev 
1,200 1,150 i 
51| Salt sand Pen y y rn] 20 AF Mis 2,132 
52! Pottsville Pen 600 585 8 15%| 15 — Mis 1,250 
ne. 
53) Fuqua Stray Mis 930 910 8 Ee 20 A Mis 1,350 
% 
54| Jett and Barlow Mis 750 725 8 12° 5-30 T-A | Mis 950 
55| Jett Mis 1,015 970 N] 18 14 A Mis 1,020 
56| Pottsville, Bethel, | Pen, 400- 340- §8,L /12-15) 20 AF Mis 1,906 
rieraaeet Bethel Mis 1,700 1,670 
ime 
57| Tar Springs, Bethel | Mis 1,150- | 1,100- 8 20 22 A Mis 1,525 
1,450 1,500 
58| Tar aon (Jett| Mis 1,470 1,450 8 20 A Dev 3,817 
san 
59| Tar soe (Jett | Mis 392 377 8 y 15 x y y 
san 
60] Tar aoa! (Jett | Mis 147 133 Ss y 12 A 7] y 
san 
61 ta prings (Jett | Mis 615 605 8 vy 10 dy 7] y 
san 
62| Tar Springs (Jett | Mis 885 856 8 y y T y y 
sani 
63) Tar Fi ia (Jett | Mis 170 150 8 y 20 Jk y 7] 
sani 
64 ae (Jones | Mis 506 516 8 y 10 A y y 
san 
65| McClosky Mis 2,180 2,176 OL y y D Mis 3,000 
66) McClosky Mis 1,403 1,395 OL y 12 A Dev 3,217.5 
67| McClosky Mis 2,117 | 2,101 OL ye 10 A Mis 2,200 
N 
68| McClosky Mis 1,390 | 1,870 | OL jo- 10 A |Mis — | 2,100 
Te 
69| Tar ne (Jett | Mis 725 | 650-700 8 20% 40 A Tren 4,020 
san 
70| Beaver, Sunny- Mis 400-700 | 385-680} LS | Por | 12 Ss Ord 1,921 
brook Ord 
71| Blue sand Sil 700-850 ; ‘ha L Cav} 15+ | T,MC,/| Sil z 
.) A 
72) Barlow, Bethel Mis 1,400 1,300- 8 15- | 20 AF | Dev 8,242 
1,400 20% 
73) Jett, Jackson, Bar- | Mis 1,250 800- 8 15- | 2-75 AF | Dev 3,250 
low, Bethel 1,200 20% 
74| Fuqua Stray, Potts- 
ville, Jett, Jones, | Pen 400- 8 18- | 2-75 | AN, A, | Dev z 
Barlow, Bethel Mis 1,300 20% TD 
75| Triplett, Jones aa 600 580 8 Por | 30+ D,A | Mis x 
is 
76| McClosky Mis 1,250- | 1,240- | L,S | Por|] 10+ D Dey a 
1,700 1,690 
77| Shallow sand, Cor- | Mis L,S | Por} 15+ |D,T,A|Ord £ 
nif., deep san Dev MC 
78| 2nd sand, Cornif.| Mis, L,S | Por MC, T | Ord x 
Amber oil sand,) Dev, DN 
Trenton Sil, 
Ord 
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therefore there was the usual town-lot drilling and congestion. Alto- 
gether, 108 producing wells were completed up to Dec. 31 and probably 
40 to 50 more will be drilled, figuring a well spacing of 10 acres to the 
well, the plan being carried out except in the Birk City town-lot area. 
In the Southern part of the field flowing wells were common and the 
largest wells were in this area. In the northern part of the area, the 
wells are smaller, although acidizing of the wells is general throughout 
the field. Production from the field has averaged probably 3000 bbl. 
daily, although proration has been in practice during its development 
and no attempt is made at an estimation of its peak or present production. 

The structural condition in the field is that of a plunging anticline 
with a trend of nearly north and south. The axis, which is that of the 
previously mapped Curdsville anticline, rises rapidly to the north until 
the south edge of the field is reached, where it levels off with a gradual 
rise to the northern edge of the pool. The Curdsville fault lies some 
distance to the east, and it is possible that a parallel fault exists to the 
northwest of the field, although this is not definitely known at this time. 
Salt water is found down structure from the oil. 

North and west of the Birk City field, 114 miles south of Spottsville, 
the Magnolia Petroleum Co. brought about the discovery of another 
McClosky sand pool by the drilling of the Sam Green No. 1. This well 
started at 750 bbl. per day from a depth of 2176 ft. It is on the well- 
known and previously mapped Spottsville dome. As all the close-in 
acreage is held by this company, development has been slow and syste- 
matic and the limits of the field have not been defined except to the west 
and south. 

The production for western Kentucky for the year 1938 was 3,317,191 
bbl. The production at the beginning of the year was at the rate of 
approximately 210,000 bbl. per month, but the development of new pools, 
principally Birk City, as it was the only new area from which much 
oil was shipped to market, was responsible for an increase of nearly 
150,006 bbl. per month. If a poor market and a low price for crude had 
not prevailed this increase would no doubt have been much larger. 

In the 16 counties comprising the western Kentucky area 679 wells 
were completed during the year 1938. Of these 355 were oil wells, 
41 gas wells and 283 dry. There were 89 wells drilling at the end of 
the ‘year. 

The search for and the development of gas-producing areas in western 
Kentucky was not intensive during the year. Market facilities are 
largely responsible for this condition, since it is possible to dispose of only 
a small portion of the production found. This does not stimulate active 
search for gas and practically all gas wells completed are results of wells 
started and drilled in search of oil. 


Oil and Gas Development on the Gulf Coast of Louisiana 
during 1938 


By Cart B. Ricnarpson* anp R. D. SpracuEet 
(New York Meeting, February, 1939) 


Tue year 1938 was the most active and successful in the history 
of the oil industry in southern Louisiana. Drilling showed a 16 per 
cent increase over that of 1937, with a total of 538 wells drilled, which 
yielded 315 oil wells, 19 distillate wells, 4 gas wells and 200 dry 
holes. 

Nineteen new fields were discovered during the year, all but three 
of which were completed by plugging back to sands previously drilled 
through. Electrical logging played a large part in these new discoveries 
as well as in the discovery of new sands during routine development of 
fields. Fourteen of the new discoveries produced oil, and five produced 
only gas and distillate. 

Southern Louisiana continues to lead the world in depth of drilling, 
which is in part due to the great thickness of comparatively young deltaic 
sediments near the coast and the existence of numerous sands. 

The present development is rather evenly distributed over a coastal 
strip 100 miles wide. 


New FIeLps 


North Tepetate, Acadia Parish.—Atlantic Refining Company’s No. 1 
Klumpp was completed for a new field through perforations from 7960 
to 7970 ft. The initial production was 65 bbl. of 54° gravity distillate 
and 4 million cubic feet of gas daily through a 14-in. choke with tubing 
pressure of 2850 lb. and casing pressure of 2930 lb. The well is in sec. 
12,7 8., 2 W., just north of Tepetate field. It was drilled to a depth of 
8705 ft. and plugged back for its final completion. Atlantic’s No. 2 
was completed in a new sand at 8300 ft., also for distillate. 

South Crowley, Acadia Parish.—Humble Oil and Refining Company’s 
No. 1 Boyd Finch was completed in July 1938, as an oil well through 
perforations from 7318 to 7325 ft. after plugging from a total depth of 
10,222 ft. After making several hundred barrels of oil, the well went to 


Manuscript received at the office of the Institute Feb. 15; tables April 14, 1939. 
* Geologist, Barnsdall Oil Co., Houston, Texas. 
t Geologist, Sinclair Prairie Oil Co., Houston, Texas. 
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salt water and was abandoned after two attempts to re-complete. The 
well was Humble’s fourth deep test on the prospect. 

Bancroft, Beauregard Parish.—One of Louisiana’s most promising 
new fields was discovered in May 1938, by Republic Production Com- 
pany’s No. 1 Lutcher Moore in sec. 10, 6 S., 13 W., southwest of the 
town of Bancroft. The first well was completed for 55 bbl. daily of 
distillate through perforations from 7574 to 7579 ft., after plugging back 
from the total depth of 8200 ft. The second well, Republic’s No. 1 
Columbia Land and Timber Co., was drilled 114 miles southwest of the 
distillate well, and was completed through perforations from 7321 to 
7326 ft. for 630 bbl. of 41° gravity oil on a 14-in. choke. The producing 
sands are in the Cockfield. 

Creole, Cameron Parish.—Superior Oil Company’s No. 1 State, one 
mile out in the Gulf of Mexico, was the discovery well for Creole field. 
It was completed in March 1938 for 300 bbl. daily of 42° gravity oil 
through perforations from 5110 to 5130 ft. Total depth before plugging 
back was 9394 ft. The age of the producing sand is upper Miocene. 

Chalkley, Cameron Parish—Humble Oil and Refining Company’s 
No. 2 Katherine Bel Hanszen was completed for 32 bbl. of 57° gravity 
distillate on a 34¢-in. choke in November 1938. Total depth of the well 
was 11,693 ft., and the completion is in a lower Miocene sand through 
perforations from 8562 to 8568 ft. Humble’s No. 1 Hanszen made a 
small distillate well in the same sand earlier in the year but later went 
dead. The wells are 18 miles southeast of Lake Charles. 

South Baton Rouge (University), Hast Baton Rouge Parish.—This field 
was discovered in March 1938, by Austin B. Taylor’s No. 1 Duplantier, 
which was completed for 525 bbl. on a 34¢-in. cheke with tubing pressure 
of 990 lb., the casing being sealed. The well was completed in 13 ft. 
of oil sand with a total depth of 6477 ft. It is of Miocene age. 

Jefferson Island (Lake Peigneur), Iberia Parish—The Texas Com- 
pany’s No. 1 Jefferson Island Salt Mining Co. was completed in June 
1938 for 325 bbl. of 32° gravity oil through a 1%,-in. choke from per- 
forations at 8170 to 8210 ft. This well was a deep flank test on a well 
known shallow salt dome and was drilled to a depth of 9031 ft. with the 
top of the salt at 8683 ft. It was then plugged back and drilled out to 
8212 ft. for completion. In November, The Texas Company’s No. 1 
State (Lake Peigneur) was completed in another sand at 7827 to 7837 
ft. for 252 bbl. of 32° gravity oil. Oil production at Jefferson Island 
had been established previously but wells were of only a few days dura- 
tion. The discovery is significant because it is the first oil field found 
on one of the ‘Five Islands,’ a well-known alignment of five domes in 
which the salt is found at. extremely shallow depths. 

Woodlawn, Calcasieu Parish.—The first production in the Woodlawn 
field was established by Union Sulphur Company’s No. 1 Calcasieu 
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The second well, Union Sulphur Company’s No. 2 Calcasieu 


National Bank, was completed in May for 222 bbl. daily in a deeper 


50° gravity oil on a 14-in. choke through perforations from 8286 to 
sand at 8895 feet. 


National Bank, which was completed in February 1938 for 20 bbl. of 
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The well 


y on a 34¢-in. choke in 60 ft. 


new salt-dome oil field in January 
Gravity of the oil is 32.8°. 
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Timbalier Bay, Lafourche Parish—Gulf Oil Corporation’s No. 3 PP 


State (Timbalier Bay) discovered a 
originally was drilled to 8728 ft., having topped the salt at 7741 feet. 


1938 when it was completed for 304 bbl. dail 


of oil sand at a depth of 6690 ft. 
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Chacahoula, Lafourche Parish—This salt dome, which was discovered 
1926, produced oil from its first deep flank test in September 1938. 
Sun Oil Company’s No. 2 Dibert, Stark, and Brown was completed for 


720 bbl. daily on a 14-in. choke with tubing pressure of 950 Ib. and 
casing pressure of 650 lb. The oil sand was found between 7240 and 


the total depth of 7253 feet. 


in 
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Taste 1.—Oil and Gas Production in Gulf Coast of Louisiana 


Ra STe Gh GC ko" ia | Line Number 


Area Proved, Total Oil Production, 
Acres Bbl. 
Age, 
Years 
; to 
Field, County En 4 See ou 
0 , o End o uring 

1938 | Oil | Gas*| 1938 1938 
Abbeville; Vermilion. jccsc deus inae thus ao a acve ctetere ea enttatarsieereee 2 120 0 209,660 191,859 
Anse La Butte; Sts Martin sdirrnscte aia. oleae, 14 os ie eres 37 50 0 964,205 74,204 
Banoratt Beauregard i707, .04.: sles on cea eae 1 400 0 62,246 62,246 
Bateman Dake. St. Margs2oc3 ok .5. SS ca Saaaeegenaperede swe 2 160 0 142,066 139,658 
Bayou, Blue, [berets : ic5 (tec ee nore si oe Seo aes waig sists atett ties an 10 20 0 85,000 13,312 
Bayou Bouillon, St Martina. cases mate oes ne aces lege 23 35 0 404,074 18,841 
Bayou Des Allemands,..St. 'Charlet.....2. 0202-5 me <5 50 2 2ce oes 2 40 20 83,964 46,896 
Bayou: Mallet pA cdg sco. x ncamconeiter, Se ates eie oi a easter 3 60 10 169,093 49,417 
Bay St.blaines Terrebonne: fas tS. toe fake hee ae ee 2 80 0 136,250 84,797 
Big Lake; Cameron: x3 ad secre cok eee 1a > oe hee eae ana 100 | 100 61,577 21,158 
Black Bayous Cameron: cicccoal or ah eee eee on 10 200 0 5,963,493 | 1,274,960 
Bosco>Acaita; St. Landryd daconse Shee ae ee 5 | 1,250 0 17,113,252 | 2,084,536 
Caillou Island; : Terrebonne ssucen sot tth nea ats prod nae can 9 400 0 23,357,288 | 6,395,180 
Cameron Meadows, (Cameron ainiarch ut chat a oBoaue oer eergnsoce 8 190 0 6,207,154 | 1,280,154 
CanktonyiSé Landry eos. tne Pe SRN eee peak 20 0 22,802 10,553 
ChachhoulaWafourche.a. netics «motes be ieaen a octal cine ware niente 1 50 0 60,270 60,270 
Chalkley; Camearons <ca.ca soe tance ore enti teeter + 1 200 0 671 671 
Charenton; Sisllary: case nce tie Met hte cette ok aoe 3 330 0 1,306,900 | 1,065,700 
Choneyville; Rapides. cure cvscce las slay = sieeekins iets oe 4 160 0 429,099 157,113 
Ghoctaw, [bercilles Pastor tus eave bas carn bx the on eeiens 8 120 0 2,221,621 491,282 
Convanh etal GMa nat sa cite Le as ae ie eae sec asia t 20 0 16,398 16,398 
Credle; Cameron: cast sca tac: cpg Ovo ores tee lara hace cers 1 100 0 156,442 156,442 
Crowley, North, Acadia........... SAP EG, eres HOR ORT SE PE Oe: 2 250 0 392,868 361,718 
Growley,/ South; Acadia. .4 mat eck Shae etch actos Ca eae eee 1 20 0 240 240 
Darrow, Ascénsions.3 4 peck eng es eae akeeeena eee 7 120 0 2,534,000 | 1,014,800 
Dulac, West, Terrebonne...... 1 x x 13,955 13,955 
Dog Lake, Terrebonne.......... 10 50 0 1,622,432 522,898 
Edgerly, Calcasieu............ F OF ee eek fois ae 215 0 8,497,271 59,156 
Biton South ad efereon Datesiini anise reer weuea cen eee nate 2 20 0 10,764 8,765 
Partie! Point, TDGna in waco ty chiar tnattiinaint.t Sea viet cee 12 20 0 37,133 4,296 
Boar Islet Paryahonne sci cow. kota vain man eon cae ea ee 5 20 0 94,177 1,307 
Garden Island} Plagueminea sca o. os chawoe ives ts dla ay satacictn diate 4 250 0 1,811,037 841,636 
Gibson, Terrebonne................ DA CURE ere 2 260 0 1,409,364 | 990,721 
Gillis, Caleasieu steno. ro mecsteur tac aeier cater siesteh seat 5 1,920 0 16,073,081 | 3,163,284 
Golden ‘Meadows, Lao chess.c. at ss ses sears ai ey een ws aR one 1 40 0 2,294 2,294. 
Grand Bat? Piequaninesy osevuws.co feo ck wed eee AO ee be 1 60 0 49,571 49,571 
Quevdan, Vermilion cocci ete morte eleva scorn cle ce 7 25 0 882,113 160,860 
Guoydan, 'Weat; Varndions nics resclees ise ree eau eae 1 40 0 29,472 29,472 
Hackberry. COmenin oa. vents hte ake aieteicr tle ee cavern Mere avers ll 200 0 5,097,209 | 1,269,088 
Hackberry, East, Cameron....... 11 500 0 19,098,012 | 2,404,165 
Horseshoe Bayou, St. Mary.... 2 80 0 302,561 227,890 
Houmia, Terrebontie: sqoes con ah wits ik boa eae CAee eee 27 0 720 


@ Footnotes to column heads and explanation of symbols are given on page240, 
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NID TO PR Wr = | Line Number 


Total Gas Pro- : Oil-production Character of Oil 
: : Number of Oil and/or Enns EEE) 
duction, Mil- “ Methods at Pressure, Lb. per Sq. In.¢ Approx. Average 
lions Cu. Ft. Gas Wells End of 1938 : iris 1938 - 
During | At End | Number of Gravity A.P.I. 
1938 | of 1938 Wells Average at End of "at 60° F. 
To End | During 2 | 8 a 
of 1938| 1938 | =8] _ |. |S |S Tnitial 
SO alee lis a a wo | {5 1937 1938 Weighted Average 
eolereisieielels 
Bele S/2/2/2/ 8 | 2 
OFM SIa/A1e |e lala 
y y 3 0 5} 0 3 0 0 2,800 2,700 2,500 42 
41 3 3 9 0 9 
6 6 0 5} 1 5 0 600-2,600 44 
1 0 0 Li eG 1 0 33 
z x 7 0 0 1; 0 1 0 0 650 650 400 19 
11 0 2 0 2 25 
x x 3 2 0 2) 1 3 0 0 700-2,100 300-2,100 
5] 0 y TN y 
3 1 2} 0 y y 29 
ee x 3 2 3} 1 0 55 
32 4; 0 19 12 7 y 
69 0 0 53 53 0 y 
39 | 2 38 y|_y y 
ae 2 47 | 11 1 36) 0 | 21 || 11 y 37 
2 0 1 1 0 y 
2 2 0 2 2 0 33 
Pers 150. 1 ey) 1,400-3,000 57 
y y |} 42 | 35] 0} 38) O| 12} 16 | 10 ce y ae y 
y y 8 2 5) 0 5 0 0 { 1,800 \ y { 1,600 \ y 
15) 3) 0) 10 Sule 
zt x 1 1 0 1] 0 1 0; 0 2,400 2,200 43 
3 3 0 3 3 0 600-2,150 34 
z 2 11 8 0 OOM els 0 0 1,450 1,450 1,450 36 
1 1 0 0 0 5,100-7,500 35 
¢ x 19 6 9} 0 8 1 0 400-1,350 x 350-1,300 37 
537 537 1 1 Lit 0 1 0 0 4,800 4,730 51 
26." Boo L 5 Ci il 39 
177 0 2 12 al eedols 20 
1 0 1 1 0 52 
6 1 0 1 1 0 37 
2 0 1 1 0 44 
TA eenlndalee 8 y| y Z 
13:16; | 10!) 43 13 | 0 37 
x il TOL OM Lo (8m Oley he a 34 
1 1 0 1 1 0 y 
S37 0 3 ae) 0) 2,450 27 
5 0 0 5) 0 3 2 0 27 
a tile iher(8) 1 120 y 62 
98 | 15 57 11 | 46 23 
132 | 6 50 17 | 33 7] 
ele aU 2 2 |) 0 40 
E22) Ec ld a ci cae ers 
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TaBLE 1.—(Continued) 


Producing Formation 


Depth, Average 
in Feet 
fa | £e 
Name Ages as % 8 a 
2 | ae | 8 
g2 |e |é 
Brookshire sand Mio PSs a| “ 8 
everal sands 
‘ockfie 0c : ’ 
Mi Mi {i0'00s 10,500 } g 
) ao 10,905 | 10,900 
Pli Pli 1,720| 1,710 Ss 
Several sands 
Mio Mio 535-4,795 S) 
6,830 | 6,820 
Mio Mio 7,254| 7,239 § 
9,463 | 9,380 
3 sands 
Marg Mio-Olig 6,386-7,198 8 
Mio Mio caer eect ai 
. . 8,334] 8,318 
Mio Mio 7,944 | 7,966 
Several sands 
Cap, Mio, Marg Mio Pineda L,S 
everal sani 
Disc, Het, Marg Mio Phat aes NS] 
veral san 
Mio Mio 4,510-6,813 8 
Mio Mio 4,113| 4,080 58 
Mio Mio 5,323] 5,315 8 
Mio Mio 7,253 | 7,240 8 
Mio Mio 8,568 | 8,562 8 
Several sands 
Mio Mio 1,100-7,200 8 
Cockfield sparta Eoc ae on Ny) 
‘ . 3,107} 3,052 
Mio Mio 81259| 8i250f| § 
Mio Mio 6,364] 6,358 NS] 
Mio Mio 5,120] 5,110 8 
Mio, Discorbis, Het, Marg, Frio { Mio Olig io wie0 ¢ § 
Mio Mio { 7,050 6850 f 8 
Mio Mio 13,333 | 13,208 8 
: Several sands 
Mio Mio 3,206-6,842 8 
7 ak Several sands 
Pli, Mio Pli, Mio 410-4,341 8 
Chickasawhay (Alazan Olig gives ae N] 
everal sands 
Mio Mio 3,150-8,000 8 
5,642 | 5,512 
: : Several sands 
Mio Mio Eytan 8 
. . é 8,880 
allo Mis osis| oaeo}| 8 
L Mio, Het, Marg { MiOlig } 9,246| 5,156 | § 
Mio Mio 8,510] 8,500 Ss 
Mio Mio 6,151| 6,132 i] 
: : Several sands 
Mio Mio 3,500-4,300 8 
Mio Mio 7,150 | 7,140 8 
, ; Several sands | _ 
Mio, Marg Mio 1,056-7,125 8 
; . Several sands 
Mio Mio 1,710-7,664 iS} 
Mio Mio 10,878 | 10,863 8 
; ; Several sands 
Mio Mio 1,000-6,937 § 


| Porosity’ 


Average in Feet 


Net Thickness, 
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OIL AND GAS DEVELOPMENT ON THE GULF COAST 


Deepest Zone Tested 
to End of 1938 


& 

=} 

Name s 

Ss 

a 

2 

i=) 
Oligocene 12,214 
Miocene 6,204 
Cockfield-Yegua | 8,091 
Miocene 11,879 
Vicksburg 8,090 
Vicksburg 6,471 
Salt & Miocene? | 9,914 
Vicksburg 8,404 
Miocene 6,831 
Heterostegina 10,521 
Marginulina? 6,905: 
Vicksburg 10,432 
Miocene 6,813 
Miocene 9,331 
Frio 9,428 
Miocene 7,253 
Miocene 11,693 
Miocene 10,317 
Wilcox 8,565 
8,969 
Oligocene 9,525 
Miocene 9,394 
Frio 10,632 
Marginulina 10,272 
Vicksburg 7,904 
Miocene 13,333 
Miocene 7,174 
Jackson 8,414 
Cockfield-Yegua | 13,210 
Miocene 7,157 
Miocene 10,725 
Miocene 7,200 
Miocene 10,727 
Marginulina 9,246 
Miocene 11,135 
Miocene 7,141 
U Oligocene 9,545 
Miocene 9,865 
Vicksburg 7,834 
Vicksburg 8,525 
Miocene 12,261 
Miocene 5,645 
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TaBLe 1.—(Continued) 
og eS gs eee ae a Pe a ln 


Area Proved, Total Oil Production, 
Acres Bbl. 
Age, 
Years 
Field, County to 

ue d D 
& 0 : To End of uring 
Z 1938 | Oil | Gast| “i938 1938 
Z 
o 
Ale 
4 
ASN eH Guia, OOUth, Terrevonness co. vs clakien a0 cia P aise vs eee te 1 40 0 15,957 15,957 
44 | Iowa, Calcasieu, Jefferson Davis...........0 00. c ccc c ce cecucuecs 8 720 0 35,048,846 | 5,643,317 
ADEMIGANOPELLG, Wt EM GNy) coe siatesisinis) aes. basis eden es elon 4 400 0 5,774,901 | 2,506,147 
SGrietrerson Islands Wert jcc: a.cselbar cisnladees dovtenoheeete 1 20 0 21,229 21,229 
edd S CRUSNIEE VA COUT Sere. Nos Senses EE So eat sie ss ee 38 480 0 62,748,264 | 7,469,709 
48 | Jennings, South, Jefferson Davis................ 0.0 cc eee secueee 3 160 0 351 6,580 
DAME ANGLO, td CL Or BOT r eHe ne cdi en Sa ie i, cise hee ee 4 2,400 0 13,459,100 | 5,951,591 
DUM MUAKO VB AITOn Perr enOnnGl achat aoa setnnc Heese cetacean ied 10 340 0 15,770,674 671,985 
51 | Lake Hermitage, Plaquemines.........0.2.2.0s00-sc0ceeuececes 5 25 0 119,851 10,417 
pouake long, Layourchetee na... «as addein vids see eiarieass owe 2 | 2,500 0 358,983 | 275,369 
OUR KGNP EGO HL ON NCOOMINE oh cits acid Hace meets te-d areuule Loon beled 10 80 0 993,570 423,544 
Day oakorVerretty: Ste Gtr. n,.1<t, e elsrcie/dektace.o Stiae 2 awe enlace es om 1 40 0 4,788 4,788 
65 | Lake Washington, Plaquemines.........0...000ce0ceseucensvece 8 160 0 2,415,000 835,094 
Gulblnce view Iay OURCKES oh ae he tlie Pe cre aetataeardcmoame td 8 480 0 18,987,503 | 1,863,035 
Oa MEAT ULO nL EN TECOTUNE.1.eaah re Mn Yorsiic)ciaaioueis a eRe vera w.cloaeantes 2 400 0 34,000 7,465 
DOA RLOCK DOLE CKCGELEIy tance veh hoe reyechlec Ace t heuecetrcdemen ce 15 500 z 14,566,330 378,038 
Doe eNewalberiah Loersa«cisenctee soln ccioes emidise ceeneieie an bascbin avers 22 250 0 13,990,664 | 5,347,124 
GOiPine Prairie, Hnangeline: 2.2. 4.2 <1. calds antesins ss Dasieols.o utes 27 10 0 20,000 0 
BE PRONC AITO Ste LGA ors ganas ae dentine Selene ok Uae es 10 300 0 7,474,000 621,000 
62 | Potash, Plaquemines.............. 2 100 0 463 433 
63 | Quarantine Bay, Plaquemines. . 2 40 0 264,304 263,333 
64 | Raceland, Lafourche................ 2. 1 100 20 250,888 256,742 
GHIBROANOKe EH ersaneOaes oAchenicutnadeue aoe eeati settee 5 900 0 7,263,000 | 1,280,872 
66 Roanoke, Bouth a deperson Davia sc ac josh cor desde ecie dienes 2 40 0 45,413 41,283 
GyalisteeMartinsvilleStoMartin, conc.c.cccsceecscecacccsestencetns 4 35 0 798,388 252,952 
DEM ESOUTEIM OF8A SCOnStOT amet ckionetetislite ais ieee Site asda reese 11 100 0 897,700 110,900 
OOM PBtarKR eC AlCreretiinr. ie scm ree ch cl aisiom Gace en as nA ane miseh sci 14 160 0 2,636,089 204,376 
UE MSU PLUTO cleae ewan iets ce ask ete see nails oaks Cisan ais ita ts 13 150 0 12,519,436 | 1,230,537 
Aa SW eon LAK GAC OMCNONE so. ci.ahcine sac yes Seemaeride cle cle + ooye 0 13 300 0 3,880,804 309,651 
72 | Tepetate, Acadia................... een es Aigckalcta satya 4 1,200 0 5,619,852 | 1,979,170 
Waukebepetate, Nort, "Acadia .5 5.0 sas bree acety cee kedens Memes 1 320 0 6,683 6,683 
(Ay PbIMbAlien BAY, LiGsOurche ne .acm-c- 5 Seine tien Sec ior swouetley «> 1 20 0 35,558 35,558 
iD) AMV ERSIby | Hs BGton HOUGE cs os vt acim ers oye e wants wane e es 1 300 0 165,620 165,620 
MOHDY ALOHEINIC -LGSOUNCIE energie ois bison iors o'2sehe oversee hRaNes le Seon 3 150 0 2,630,000 | 1,670,000 
RANG) MaQueMmines. iin. anes wi Shee apa veh ahem enanies tee smur 2 y 0 650,281 | 501,475 
SMMV AGED Labbe: HMGIEIELUIG fc). s-av0 oa eee aunibisiaiest Aa nee mieidtepele ainfeceie dias 2 1,000 0 803,340 797,153 
OMMMATIGODR COGLCASICUl ic. acieth acaba Violdislien wierce Mie eeenoleg saat nek 29 270 0 43,018,932 471,651 
SAV CLONE MENSOM BUTS: os at cecle <cace wi oValeacca sie Poe Frets satin ole os 36 50 0 628,865 10,070 
UM NOVVEIGEN OBS LLOs LOCTULLIE 2. ralarsta sols oa, staleittave’» sis: eie)c\oce stein, #1 io\siplateseicls« 10 150 0 2,862,326 592,037 
82) Woodlawn, Jefferson: Davis... 2. cc... nsae cesses sea aissinsdec ves eees 1 80 0 177,053 177,053 
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TaBLE 1.—(Continued) 


2 _____ nl 


Total Gas Pro- . Oil-production Character of Oil, 
anton, Mil- wh cig? oF OF an We Methods at Pressure, Lb. per Sq. In.¢ Approx. Average 
lions Cu. Ft. NS End of 1938 during 1938 
Duri At End | Number of Gravity A.P.I. 
1938" | of 1938 | Wells Average at End of at 60° F, 
To End | During 2neg ih 

3 | of1938| 1938 | 23 3/ele Initial 

g os 3 FI ca eles | 1937 1938 Weighted Average 
za SN) a| ce | ee Veet eae 

E pale |2/2/2/2|2\ 3 

3 SF S| al/G lA lel AIS 
43 1 1 0 1 ul 0 y 37 
44 z % 81 t 4 7i| 0 | 47 | 10 41 
45 23 1 23 22 1 y 
46 2 2 0 2 2/ 0 37 
47 624 | 50 y | 183} y | 72 | 60 y 
48 1 0; 0 2 0 y 
49 28 | il 0 27 y y y 
50 44 1 26 y| y y 
51 3 0 0 2} 0| 70 2 y 
52 | 1,899 | 1,697 5} 4] 0 SO Site OO 2,875 2,850 39.8 
53 10 2 Z 6 y| y y 
54 pf 1 0 ps 1 0 1,000 y 
55 x 2+ 13| 0) 0 7 eT oe Ud A 150 125 18.3 
56 126 | 3 91 14 | 77 y 
ba & 38} 2] 0 Sie 2 2 Oi 0. 3,200 3,200 45 
58 Ea Metts! J} eet 23) 1) 6} 13 33 
59 65 | 23 48 34] 14 uv 
60 4 0 0; 0 y 
61 y y| 387] &] yj] 32) O| 2] 30) 0 y ] y y 
62 x 1/ 0} 0 0} 0} O};.0).0 250 x 18 
63 5| 4 0 4 4) 0 36 
64 0 3] 3 310 iS) O40 2,000 2,000 y 
65 z z| 39] 3 1} 25) 2| 25) 0| 0 1,350 y 1,100 38 
66 2 0 2 2 0 47 
67 277 88 2+} 0}, 0 21.0} 2} 02710 y 7] y 31.5 
68 y y| 14] 4] 0 8} 1/).5] 3] 0 y 7 y y 
69 82 | 2 20 1] 19 
70 119 | 8 62 6 | 56 
71 hae a at) 81, Oa 86 y y y 29 
72 y y| 58] 0} 1] 53) 0; 53] O| O 3,000 2,600 2,400 36 
73 22 7 0 2 2/ 0 2,930-3,100 54 
74 Le 0 0; 0 800 33 
75 6] 6 6 C28 y 32 
76 y y| 23} 8] O} 23) Oj 21| 0) 2 7] 7] y 7] 
77 436 336 6/ 4] 2 5} 0; 5] 0} 0 y y y 41 
78 y y| 36-135} 0} 34 0) 34) 0] 0 2,600 2,600 2,100 40 
79 444/ 0| 2] 70 0 | 70 29.4 
80 67} 0| &} 18 0 | 13 23 
81 18): RSs leek 7 4| 3 v 
82 Ci Ne) 4 Set 740-2,180 y 
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TaBLe 1.—(Continued) 
Se SE ee ee eee ee 
Deepest Zone Tested 
to End of 1938 


Producing Formation 
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Depth, Average 
in Feet 
za | £s ie 
Name Agee sit ws 8 . g = Name 
he pl ee < 
ge | ee | £ |B) 28] 8 
Soe Blog| bbe elie 
ae | S° |S /£/2<|8 
Mio. : Mio 10,308 | 10,305 S |Por] 10 xz | Miocene 
U Mio, Heterostegina, Marg Lae 6,941} 6,920 8 |Por} 53 | D | Vicksburg 
io-Olig 
: 2 Several sands 
Mio Mio 6,609-10,424 § |Por| 50 | D | Miocene 
Mio Mio { Heat et S |Por} 40 | DS} Miocene 
: Ante . Many sands 
U Mio to Marginulina Mio 1,883-7,600 S | Por} 120 | DS] Vicksburg 
io Mio ees | ieee S |Por] 20 D | Heterostegina 
sands 
Mio Mio 8,035-10,130 S |Por| 80 D | Miocene 
Mio Mio seat te S |Por] 75 | DS] Miocene 
everal sands 
Mio Mio ied § |Por| 15 | DS| Miocene 
sands 
Mio Mio 9,360-10,430 S | Por y | D | Miocene 
Mio Mio { nee Oe S |Por} 55 | DS} Miocene 
Mio Mio 8,032| 8,017 S |Por|} 10 | D | Heterostegina 
Cap rock Pli eee nie L |Por] 10 | DS| Miocene 
any sands from 
Mio Mio 2,929-6,530 S |Por} 120 | DS} Miocene 
Fleming Mio { isos Peon S |Por} 10 | D | Miocene 
U Mio, Marg Mio fous Bt S$ |Por] 100 | D | Marginulina 
everal sands 
Pli, Mio Pli, Mio Paras S |Por} 50 | DS| Miocene 
everal sands 
Mio Mio 1,008-5,410 S$ |Por| 30 | DS| Eocene 
Mio, Olig Mio |{ $059 S |Por| 25 |DS| Frio 
Pili Pli 695| 689 S |Por} 10 | DS} Miocene 
Mio Mio 8,186 | 8,120 S |Por| 45 D | Miocene 
Mio Mio 10,132 | 10,208 S |Por} 80 | D | Miocene 
Heterostegina, Marg, Frio Mio-Olig { ee eo S |Por} 15 | D | Vicksburg 
Mio . Mio 8,563 | 8,540 S |Por| 25 | D | Marginulina 
Smedes sand Mio { Hae ren S |Por} y | D | Oligocene? 
Several sands 
Mio-Olig, Mio and Cap Mio : Lcd A,§8|Por| 20 | DS| Vicksburg 
everal sands 
Pli, Mio, Cap Pli, Mio : aoe S |Por| 40 | DS| Jackson 
everal sands 
U Mio, Marg Mio oe ne S8 | Por} 100 | DS| Vicksburg 
everal sands 
Mio Mio 5,650-7,396 S |Por| 25 | DS} U Oligocene 
Ortego sand Mio-Olig 8,320] 8,300 S |Por| 28 D | Marginulina 
Marg-Frio Mio-Olig { re] 98) § |Por| 20 | 2 | Vicksburg 
Mio Mio 6,963 | 6,955 § |Por| 10 | DS} Miocene 
Mio Mio Ajo eth S |Por| 30 | D | Vicksburg 
everal sands 
Mio Mio Pee is 8S | Por a DS | Miocene 
Mio Mio 8,700 6,600 S |Por }30f DS | Miocene 
Sparta Eoc 2.050 8,910 S |Por| 60 D | Wilcox 
everal sands 
Pli, Mio A ae S |Por} 90 | DS| Vicksburg 
everal sands 
Pli Pli 1,100-3,665 S |Por} 10 | D | Vicksburg 
Several sands ’ 
Mio Mio Mee eon S |Por|} 33 | DS | Oligocene 
. . 8,288] 8,2) 1 
Marg Mio-Olig { 8,398| 87394 S |Por| 15 D | Vicksburg 


Depth of Hole, Ft. 


11,047 
9,161 


11,634 
9,031 


9,132 
9,944 


12,128 
11,333 


9,770 
11,347 
7,344 
6,473 


8,994 
13,409 
7,902 


9,210 


5,917 
7,213 


10,027 
11,014 
12,200 


10,750 
12,088 
9,646 
6,565 
7,207 
9,250 


8,928 
9,447 


8,705 


8,728 
10,360 


10,055 
7,719 
10,507 
6,939 
9,010 


9,127 
9,552 
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Grand Bay (Bird Island), Plaquemines Parish.—Gulf Oil Corporation’s 
No. 1-A Grand Prairie Levee District was completed as the discovery well 
of the new field in July 1938, in a sand from Se to 6151 ft. The initial 
production was 375 bbl. of 28° gravity oil on 3g-in. and }4-in. chokes. It 
is in sec. 6, T. 20S., R. 19 E. 

Convent (Hester), St. James Parish.—This previously discovered salt 
dome became a producing field in July 1938, with the completion of 
Continental Oil Company’s No. 1 Realty Operators on the north bank 
of the Mississippi River in sec. 16, T.128., R.5 E. The well was drilled 
to a total depth of 7479 ft. and completed through perforations at 6358 
to 6374 ft. The initial production was 70 bbl. of 64° gravity distillate. 


TaBLE 2.—Summary of Drilling Operations in Gulf 
Coast. of Louisiana 


Important Wildcats Drilled in 1938 


Location 
ot eee AS ee) eee Deepest 
Parish Depth, Horizon 
Ft. Tested 
Sec. Twp. | Ree. 
1| Acadia, North Tepetate. 12 7S 2W | 8,705 | Alazan 
2| Acadia, Jennings...... 46 98 2W | 6,972 | Marginulina 
3 | Acadia, North Crowley 34 8s 1E | 7,985 | Heterostegina 
4| Avoyelles, Wildcat... . 7 28 4E | 9,014 | Wilcox 
5 | Beauregard, Bancroft. : 10 6S | 13W | 8,200 | Cockfield 
6 | Beauregard, Bancroft.i.......0...ccce-ccaesees ; 16 6S | 13W | 7,395 | Cockfield 
7 | Cameron, (Chalkley. us ... fen cchisshan eltounes tees i 9 128 6W | 11,693 | Miocene 
1 Cameron; Wildeatrag vwinttace tamara dasa nite ae 7 14S | 6W | 10.895 | Miocene 
9;| Catnsron, Creoleiig acciscuus.i sens stink Oa ances seetoak South of 4; 155 | 8W | 9,394 | Miocene 
10.| Cameron, Bast Hackberry J... ccs ceranncsscsccereaeces 37 12S | 10W | 7,097 | Marginulina 
114 Cameron, Hackberrysacc: acu ta temone ecb ee ae ee ee ce 30 128 | 10W | 6,913 | Marginulina 
12 | East Baton Rouge, s Baton Rouges <0. csc cee osc ok be 7S 1W | 6,477 | Miocene 
131) Tberia; Jefferson Island \)...csstscaine «aedcle vives Odakebereaneas 128 | 5E | 9,031 | Salt 
1d.1 Vheria, WildGat. nds ace ose leek cree tees eee Vermilion Bay 9,667 | Miocene & Salt 
15 | Jefferson Davis, South Roanoke...............0.0cceeeeeees 36 10S | 4W | 12,088 | Marginulina 
16 | Jefferson Davis, South Elton................ 0.0 seeeeeeeeees 27 7S | 3W | 13,210 | Yegua 
17 | Jefferson Davis, Woodlawn................... cece eens 12 9S | SW | 8,524 | Marginulina 
1 || Lafayette; Widoatacs ./aaraveaaas neste: Ka cmtaanimeen oceans 36 9S 9E | 10,973 | Marginulina 
19) Lafourche, ‘Timbalier Bay v.10. sceccweue sexes Sener ae 35 23S | 21E | 8,728 | Salt 
20'|(Lafourche; dtadelaridis Sesh wins cots ce cbiona won caer ck 34 15S | 19E | 10,301 | Miocene 
21| Lafourche, ‘Chacahoula, , os<s,acusversaaescans nee eee ee 70 15S | 15E | 7,253 | Miocene 
22 | Lafourche, Golden Meadows.............0.0.0sceeeeeeueece 1 20S | 21E | 11,185 | Miocene 
25 ;|\Datourche Valentine woos ovat knccceiees ween antes 3 178 | 20E Alazan? 
24)| Lafonrohe, Valentine nse, tscrecm me enrame. has cetacean 58 17S | 20E | 10,055 | Alazan? 
25.| Plaquemines, Grand Bay. oc sc¢c0,0 c0t.4 ces Sheen oe 6 20S | 19F | 6,151 | Miocene 
26} Plaquemines; Venioe,, 6 cass cence eae tdetiniast Hea eereee nee 23 21S | 30E | 7,472 | Miocene 
Bia Pointe Counee, Waildcatvcucceke s.iote eee une, mins eieeieet 28 38 8E | 9,893 | Wilcox 
28,| Rapides, Choneyyvill ty rida tai sun sons as esate ene 53 1S 2E | 7,045 | Salt 
29 | Plaquemines, Garden Island Bay................-00.0cc0ee 38 238 | 33E 6,993 | Miocene 
30 | St. James, Conventinaita Mune geass does cree 16 128 5E | 7,499 | Miocene 
31 | St. John the Baptist, Wildcat................cceecececeeees 97 WS | 17E | 11,005 
$2) |\Sts Landky;. Wildoat.te¢..:cuk-vanee ouies warrnae wan Ca RRL Oe 60 48 4E | 11,220 | Wilcox 
33 | St. Martin, Lake Verret. . . 1 15 148 | 12E | 9,835 | Miocene 
34 | St. Martin, Lake eds 10 108 9E | 10,403 | Salt 
35 | Terrebonne, West Dulac. . 77 19S | 17E | 13,333 | Miocene 
36 | Terrebonne, Bay Baptiste. 3 41 19S | 19E | 13,409 | Miocene 
37 | Terrebonne, South Houma............... 73 18S | 18E | 11,047 | Miocene 
38 | Terrebonne, Wildcat....................0eenees 10 18S | 16E | 11,208 | Miocene 
39 | Terrebonne, Raccoon Point............... 66.0000 : Caillou Bay 4,970 | Salt 
40 | Terrebonne, Gibson er 40 178 | 15E | 10,752 | Miocene 
41 | Terrebonne, Lake Barre 40 218 | 20K | 11,333 | Miocene & Salt 
42 | Vermilion, West Gueydan 5 128 2W | 9,146 | Miocene 
43 | Terrebonne, Caillou Island 19 238 | 20E | 6,813 | Miocene 


rr 


a 
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Lake Verret, St. Martin Parish.—Shell Petroleum Corporation’s No. 1 
Hazel Burdin, the third deep test for the large Lake Verret structure, was 
successfully completed for a new field in December 1938. The well had 
been drilled to a depth of 9833 ft., and was plugged back to 8049 ft. for 
completion through perforations from 8017 to 8032 ft. The initial 
production was 129 bbl. of oil and 110 bbl. of salt water daily on 1264-in. 
and 14¢4-in. chokes. The discovery is in sec. 15, T.14 8., R.12 E. 

Lake Mongoulois, St. Martin Parish—The Texas Company’s No. 6 
State (Lake Mongoulois) brought in the first production on this prospect, 
upon which five wells had been drilled previously. It made 59 bbl. of 
distillate in 12 hr. on a 1464-in. choke through perforations from 9675 
to 9695 ft. The total depth of the well had been 10,403 ft. in salt, which 
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Important Wildcats Drilled in 1938 


Initial Produc- Pressure, Lb. 
tion per Day | Choke per Sq. In. 
pee ox Bean! 
Operator, Farm, and Number Frac- | Remarks 
Oil, Gas, | tions of 
U.5. | Millions | an Inch | Casing | Tubing 
Bbl. | Cu. Ft. 
1 | Atlantic-C. R. Klumpp No. 1 65 4 Y% 2,930 | 2,850 | New distillate field 
2 | Superior-Clement No. 431 1464 | 1,125 | 1,310 | New sand & extension 
3 | Humble-Fed. Land Bie No. 2 768 A 750 | 1,025 | New sand 
4 | Magnolia-Bowden No. 1 Dry hole 
5 | Republic-Lutcher Moore No. 1 50 5 250 | 2,250 | First distillate well 
6 | Republic-Columbia Land No. 1 630 Y% 2,600 | 1,600 | First oil well 
7 | Humble-Hanszen No. 2 32 2.6 3%{6 | Sealed | 3,000 | Distillate discovery 
8 | Humble-Miami Corp. No. B-1 Dry hole | ’ 
9 | Superior-State No. 1 215. 4 800 | New field in Gulf of Mexico 
10 | Union Sulphur-Doiron No. 9 1,221? 346? | 2,275 | 3,600 | New sand 
11 | Superior-Vincent No. 1 18 1:8 1264 2,350 | New sand 
12 | Taylor-Duplantier No. 1 525 0.5 346 | Sealed 990 | New field 
13 | Texas Co.-Salt Mine No. 1 325 1064 1,590 | New field 
14 | Texas Co.-State No. B-2 Important gas blowout 
15 | Continental-Sturdivant No. 1 84 1 542 750 | 5,200 | Completed at 9865 
16 | Stanolind, Amerada-Nat’l Bank No. B-3 No sand in Cockfield 
17 | Union Sulphur, Magnolia-Nat’l Bank No. 1 48 2.3 1264 1,000 | New field 
18 | Continental-Foreman No. 1 Dry hole 
19 | Gulf-State No. 3 ‘‘PP” 304 Ko 800 750 | New discovery 
20 | Amerada-South Coast No. 1 720 Y 1,200 | 1,575 | New discovery 
21 | Sun-Dibert, Stark, & Brown No. 2 720 Y 650 950 | New discovery 
22 | Texas Co.-La Terre Land No. 1 162 Ko 2,700 | New discovery 
23 | William Helis-Valentine No. 2 102 vA 400 | 1,100 | New sand 
24 | Pan. Am. & Barnsdall-Community No. B-2| 360 6 1,750 | New deep sand 
25 | Gulf-Grand Prairie No. A-1 375 3&4 250 470 | New field 
26 | Tidewater-Buras Levee No. 1 1,180 Sealed 600 | New sand at 5600 
27 | Scranton-Hackney Lbr. No. 1 . Dry hole 
28 | Amerada-Weil No. 4 492 Various | 1,000 775 First well to salt 
29 | Texas Co.-State No. 29 962 A 1,790 | New deep sand at 6900 
30 | Continental-Realty Operators 128 4.2 2364 2,450 | New distillate field 
31 | Shell-Godchaux Sugars No. 1 Dry hole 
32 | Herton-Thistlewaite No. 1 Dry hole 
33 | Shell-Hazel Burdin No. 1 283 A 1,350 750 | New discovery 
34 | Texas Co.-State No. 6 59 4 A 3,300 | New distillate field 
35 | Fohs-Buckley Bourg No. 1 125 3 4 New distillate field 
36 | Fohs & Shell-Bay Baptiste No. 1 55) 0.3 1064 New distillate field 
37 | Shell-Peters No. 1 450 yy 3,750 | 3,295 | New field 
38 | Shell & Barnsdall-Realty Operators No. 1-c Dry hole 
39 | Texas Co.-State No. 1 Dry hole, new salt dome 
40 '| Shell-Kuntz No. 1 200 Y New upper sand and 
extension 
41 | Texas-State No. 42 20 vA 2,375 | Top of salt 11,301, deepest 
boo | Novr distillate field 
42 | Magnolia-J. B. Ferguson No. 1 85 YY 2,500 | 2,600 ew distillate 
43 Tessa Tecoboune Bay No. 1 418 4 2,075 | New deep sand 
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was encountered at 10,388 ft. The No. 6 well is the northernmost of 
the six tests, and is in sec. 10, T.10S., R.9 E. 

West Dulac (De Large), Terrebonne Parish.—Fohs Oil Co. com- 
pleted its No. 1 Buckley Bourg in June 1938 for the world’s deepest 
producing well at that time. It came in for 125 bbl. of 47° gravity oil 
through a 14-in. choke through perforations at 13,254 to 13,266 ft. The 
well was drilled to a depth of 13,333 ft., at which point it was still in 
lower Miocene. It is in sec. 77, T.9 S., R.17 E. 

Bay Baptiste, Terrebonne Parish.—Fohs Oil Co. and Shell Petroleum 
Corporation’s No. 1 State (Bay Baptiste) was drilled to a new depth 
record for Louisiana, 13,409 ft., before it was completed through per- 
forations at 11,172 to 11,178 ft. in August 1938. The initial production 
was 55 bbl. of distillate and 250,000 cu. ft. of gas through a 1%4-in. 
choke. The well is in sec. 41, T.19 8., R.19 E. 

South Houma, Terrebonne Parish—Shell Petroleum Corporation’s 
No. 1 Peters, in sec. 73, T.18 S., R.18 E., was completed in November 
1938 for 450 bbl. of 37° gravity oil. The well had been drilled to a depth 
of 11,047 ft., and plugged back and perforated at 10,305 to 10,308 ft. 
The production is from a lower Miocene sand. 

West Gueydan, Vermilion Parish—Magnolia Petroleum Corporation’s 
No. 1 J. B. Ferguson brought in a new field when it was completed for 
75 bbl. daily in 10 ft. of oil sand topped at 7145 ft. The well had been 
drilled to a depth of 9116 ft. before plugging back. 


New Satt Dome 


Raccoon Point (Caillou Bay) salt dome, Terrebonne Parish, was dis- 
covered in August 1938 by The Texas Company’s No. 1 State, which 
encountered salt at 4922 ft. It was the first well drilled on an old geo- 
physical prospect in the Gulf of Mexico about one mile west of Raccoon 
Point, which is the western extremity of Isle Derniere. Several shows 
of oil were encountered, but the well was abandoned after encountering 
salt. At the end of the year, preparations were being made for a second 
well by The Texas Company. 


BLtowovutT aT VERMILION Bay 


The Texas Company’s No. 2-B State on the flank of Vermilion Bay 
dome in Iberia Parish had a serious blowout while at a depth of 9667 ft., 
as plugs were being drilled from 534-in. casing. The well blew about 
100 million cu. ft. of gas daily before it was capped. It is significant 
because it lies almost 25 miles distant from oil or gas production and 
because such large accumulations of gas are unusual on the flanks of 
shallow piercement domes. 
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New Sanps 


During 1938 many new oil sands were discovered in southern Louisiana 
fields. This is to be expected in the drilling of faulted structures and 
salt domes in a series of interbedded sands and shales. Some of the more 
important new sands from a standpoint of reserves were the Clement sand 
at Jennings, three shallow sands and a deep sand at Charenton, the 
8600-ft. Miocene sand at North Crowley, the 8050-ft. sand at LaFitte, 
two shallower sands at Venice, and the Hayes sand on the north flank 
of Ville Platte. 

New sands were also discovered and brought into production at 
Jeanerette, Leeville, Lake Long, Valentine, East Hackberry, Lake Barre, 
Raceland, Port Barre, Sorrento, Gibson, New Iberia, Bayou des Alle- 
mands, Choctaw, South Roanoke, West Hackberry, Bay Sainte Elaine, 
Tepetate, and Cheneyville. 


Eoua Freip, January 1939 


The discovery of Eola field, in Avoyelles Parish, as coastal Louisiana’s 
first field for 1939 has created as much interest as any on the Gulf Coast 
during the past 10 years because it arouses interest in the Wilcox trend. 
The discovery well, S. W. Richardson’s No. 1 Haas, was completed in 
the Wilcox sand at 8443 to 8550 ft., the entire thickness drilled being 
perforated with 672 shots. Initial production based upon a 45-min. test 
was reported at 700 bbl. daily on a 14-in. choke. Later it was gauged 
at 225 bbl. daily on a 1é-in. choke with pressures of about 1600 pounds. 

The field is believed to be of major importance in itself in addition 
to having a pronounced effect upon exploration and leasing during 1939. 
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Oil and Gas Development in North Louisiana in 1938 


By H. K. Suearer,* Memper A.I.M.E. 


Om production in north Louisiana in 1938 was 28,442,910 bbl., a 
decrease of 225,160 bbl., or less than 1 per cent, from 1937. The principal 
increases were at Cotton Valley, Lisbon and Zwolle. The greatest 
decrease was at Rodessa, with small normal declines in production of the 
old settled fields. 

Natural gas production from gas wells declined 15.9 per cent from 
1937, but casinghead gas increased, so the decline in total production 
was only 6.9 per cent. 

Well completions in 1937 and 1938 were as follows: 


Year Oil Gas Dry Total Pastel Pee tee 
1937 411 175 130 716 7 58 


1938 350 117 141 608 2 47 


Decline in completions was due to lack of proven areas for drilling, 
as well as price and marketing difficulties; and wildcat activity was also 
less than in 1937. The increase in number of dry holes was due chiefly 
to shallow drilling in the old Caddo and Zwolle fields. 

Most important events in 1938 were the discovery of the Shreveport 
deep oil and gas field, extension of the Logansport gas-distillate field into 
Louisiana, development of oil production in the Bodcaw zone on the flanks 
of Cotton Valley, opening of deep gas-distillate production at Shongaloo, 
and completion of one well in a deeper horizon at Blue Lake (Zwolle field). 


GEOLOGICAL NoTES 


The deep drilling done in 1938 did not cause any important changes 
in geological correlation and nomenclature of the formations below the 
Upper or Gulf Cretaceous. The stratigraphic section of the Lower 
Cretaceous and deeper beds, with names used in the accompanying 


tables, as approved a year ago by the Shreveport Geological Society, 
is as follows: | 


Manuscript received at the office of the Institute March 27, 1939. 
* Geologist, The Hunter Company, Inc., Shreveport, La. 
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Lower Cretaceous 
Washita group 
Fredericksburg group 
Trinity group 
Paluxy—red beds, sand, shale, limestone 
Upper Glen Rose—shale, limestone 
Middle Glen Rose—anhydrite, shale, limestone 
Lower Glen Rose 
Rodessa member—limestone, sand, shale 
Pine Island member—shale, limestone 
Travis Peak—red beds, sand, shale 
Lower Mesozoic ? : 
Cotton Valley—marine shale, sand, limestone 
Buckner—anhydrite, shale, dolomite 
Smackover—limestone with Reynolds oolite near top 
Rock salt 
eee Mills—red beds, sand, shale 
Paleozoic—shale, sandstone, igneous rock 


Four tests in north Louisiana were drilled to depths of more than 
10,000 ft., and two others more than 9000 ft. Deep wells in Morehouse 
and Union Parishes encountered beds correlated with the Buckner for- 
mation and Smackover limestone of Arkansas, but the deeper tests farther 
west, in Bienville, Claiborne and Webster Parishes, did not find definite 
Buckner and Smackover sections; and there is still some doubt as to 
whether the deepest horizons reached were still Cotton Valley or the age- 
equivalents of the Smackover limestone. Excepting one well on a salt 
dome, none of the north Louisiana wells were drilled to the underlying 
rock salt, but one well in the Bethany gas field, Panola County, Texas, 
only 214 miles west of the Louisiana line, reached the salt at 11,067 ft., 
and was drilled to 11,303 feet. 

Asa whole, the deep drilling tended to limit possibilities for very deep 
production. It was already known that porosity in the odlitic limestone 
beds of the lower Pine Island member and in the upper Travis Peak sands 
was of only local occurrence. Enough tests have now been drilled to 
show that the porosity in the Bodcaw sand zone of the upper Cotton 
Valley formation is not persistent; the Jones sand at the base of the 
Cotton Valley has been found only in the Schuler field in Arkansas; and 
satisfactory porosity and permeability in the Reynolds odlitic zone of the 
Smaekover limestone has been found only in a limited area in Arkansas. 
Apparently the deposits of Smackover age become more sandy and shaly 
but less porous to the south of the area of typical limestone deposition. 

A possibility that has been discussed by geologists in Louisiana and 
Texas is that the Travis Peak formation of Louisiana represents only the 
lower, nonmarine sand member of the type Travis Peak, while the upper 
fossiliferous Travis Peak beds of the outcrop section may be represented 
by the Pine Island member of the lower Glen Rose in this correlation. 
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TasBiE 1.—Oil and Gas Production in North Louisiana in 1938 


Area Proved, Total Oil Production, 
Acres Bbl. 


Age, 
Years 
Field, County to 
8 oy To End of Duri 
oO ‘o End o! uring 

4 1938 | Oil | Gas 1938 1938 
A 

o 

a 
re 

1'} Bear Oroek, ‘Bienvilles Ga. «acts sa curceeieteiee erst Fame ee eecteteane 2 0 1,000 0 0 

2\l Bellevue, .Bosslets 222. c-cd ease eee ein tees 18 1,360 160 | 10,100,395 239,965 

8} Bethany-Waskorn} Caddo. «0's. a0-015.2 ane mtd = eee 23 20 15,000 0 0 

4:\ CaddosiCaddo2 5 sia sdstata es slerasatan saa nte deter to eae 35 | 32,500 5,000 | 153,957,190 | 2,361,655 

BU Cartarville:Bosst ety. Acces cio ros osise nee pea ae ako tans 15 720 2,720 1,534,810 40,950 

Bi] Clayton,, Concordia). 2p.j.« «:.t/saacziess x cteicls ciate abe pistes telat ae 8 0 60 0 0 

7 | Comverse, Sabtnesc. onisovialan. che cea Dat eae as ears eyed ey f 2,000 = 1,927,460 207,850 

§'|: Cotton Valley, Webster (total) so 2.55 csc. vectors oc sence te 19,360,065 | 3,386,415 

9 Shallow, heavy:olld. 25052 smer cea ehenes «Cue ee eee 17 3,900 6,600 | 14,931,590 40,575 
10 SLOlloway, Wight; OS ats etataretarasean sce) na feb ea daletes eaters 3 1,400 0 1,900,760 | 1,634,115 
ll Bodcaw, gas-distillate... 0.5... .0.0.- scence eesceunees 2 12,000 z 2,277,743 1,461,753 
12 Bodcaw; lghtioilss: sane octane ae eee 1 249,972 249,972 
13 | De Soto-Red River, De Soto, Red River................ ote 25 11,000 3,300 | 57,314,890 499,000 
12} Driscalls Bienvilles 2 css sesceos ne wa ceeet oaiee ec kta 3 0 1,000 0 0 
15 | Elm Grove, Bossier, Caddo... ........ cece eeceeeeceeee APC) ed 320 14,600 3,452,865 123,650 
16 | Epps, Hast Carroll, West Carroll............0....... be acted LAD LL 0 1,200 0 0 
£7 | Haynesville Clatbornésea.. seas dhe te vaca. Cae eae LS 7,480 0 | 68,888,465 | 1,099,460 
18:1] Holly; De Soto: niiacz.< case eee Ae Cec te : oe) 80 160 933,570 31,310 
19:1 Homer, Clathorne vtec osiece saree tues nee e ..| 20 3,020 0 | 68,270,175 950,535 
20 | Lake: Bistinean, Bienevlenyocc un ecas ese he cnatee teas. dactee 23 0 2,000 0 0 
OP i Lisbon, Clatborne, Lincolns ws. acess ee Oe tee coat 5a 7,320 0 5,722,650 | 3,330,470 
22 I LO GADEDOLG CP IE OED ccvass maria Come teat hea 7 deta ticara stein acer 1 0 2,000 0 0 
23 | Monroe, Morehouse, Ouachita, Union................ Se en 0 | 270,000 0 0 
241 Pleasant Halll Sabena snccn. cs asian actoni fo atiie ac ade ernst cee eet oe 800 0 1,521,040 38,605 
DK Richland, fescneand cn clos cae a eretetele aap carats teeta. ee) eet 9 13 0 | 49,280 : 0 0 
BG | odessa, Caddo» nostra at on ccincitenGint Nea cates rec wes 9 9,4003 7,800 | 51,854,900 | 13,631,720 
27} Ruston, Lincoln.........3....... 2 0 160 0 0 
28 | Sarepta, Bossier, Webster... RR reise 17 570 1,120 1,526,385 56,310 
29 | Shongaloo, Webster ett ep 49 ‘tare [PhS 70 5,680 108,580 2,650 
30 | Shongaloo, Webster (distillate)... ie 160 0 39,825 39,825 
31 | Shreveport (Cross Lake), Caddo........ 0.0.00 44 | 1,000 z 113,570 | 113,570 
32| Sibley (Dubberly), Webster....................-..---..-. 3 0 640 0;| » secenO 
Sd BIMSDOLG, DINGO. aw ean ct ve ati ets es SUS Vinee ne 4 0 320 0 0 
84) Sligo, Bossier ines enca cae c eit ante tats ee roe 17 800 12,000 501,430 356,085 
Sd | Sugar Creek; Clathornest.t visas cane cu uepeees ccmite vane 8 60 4,000 234,470 139,065 
$6 | Sutherlin-Spider,/De Sotou tsa niov cera are dies assumes 4 0 320 0 0 
87] Urania, Grant, La Salle, Winn.......... 00. ceeccucnecevveese| 14 3,700 
88 | White Sulphur Springs, La Salle............................] ll 80 0 mae ty ane 
BO] Zrvolle, Sapines trantes vm tos aiotintasir aia, « seracadh Tenant 11 7,2004 0 | 13,965,520 777,235 

Ran a tet ne aoe idl Wor roiocameetaee 96,960 | 406,120 | 484,632,360 | 28,442,910 


2 Footnotes to column heads and explanation of symbols are given on page 240. 


1 Includes the part of Bethany and Waskom fields in Louisiana; 
ee i esanl ation ieee crel in Louisiana; also Blanchard, Longwood, Greenwood, Cedar Grove, 


2 Includes Mooringsport, Trees City, Vivian, Hosston, Pine Island, Gilliam and Dixie areas. 
3 Most Rodessa acreage produces both oil and gas; classification of oil or gas wells depends on gas-oil ratios. 


* Allowing 20 acres per producing well, but the Zwolle field is scattered over a much larger area. 
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Total Gas Produc- . Oil-Producti i 
‘ “11 Number of Oil ‘uction Character of Oil, 
tion, Lee) Cu. Wet Nitra or Gas Altair at | Pressure, Lb. per Sq. In.¢ Approx. Average 
- nd of 1938 during 1938 
During | At End of Number of A t Gravi 
1938 1938 Wells End of ro Re - 
3s To End of | During 83 = ie 
g| 1938 | i93se| B=) 8) eg} er |e _ Initial 
ss|/2B] S| 38 3 8 i438 Weighted 
3 eo |e\E| ge | 23 : AEE 1937 | 1938 rae 
=) Co On alias ee Bs 2 a4 
bE 28 0 3 0 0 0 0 0 0} 0 2,660 2,660 | 2,660 
2 2,371 113 413) 23 0} 141 1 0} 141) 12 y y 7] 19 
3 18,232 787; 180) 1 8 0 46) 0 0} 0 1,880 y y 
25 
4) 137,594 1,820} 4,252} 84] 17/1,265 33] 0} 1,265} 12 y y y Van 
5 17,031 51 155} 0) 14) 37 0} 0] 37] 0 1,250 y y 42 
6 11 0 lie 0} 40 0 0} 0 0} 0 630 630 630 
7 0 0 175} 6) 6) 88 2} 0; 88 O y y y 40 
8| 105,425 | 21,616) 385) 77) 34} 157 22 
9 x az| 279) O| 34 51 22; 0; 51) 0 y y y 25 
10 2 z 31 30) (0) 31 0) 31 0} 0 y y ] 50 
11 x zr 69} 41 0} 69 0} 69 0} 0 €3,930 | 3,930 | 3,850 60 
12 z x 6 6 0 6 0 6 0} 0 €3,930 | 8,930 | 3,850 42 
13 63,973 1,319} 1,428) 14) 0} 166 27; 0} 166) 12 y y y 40 
ees eam 41) 0. 0 | 5] oo oo | (Fat | Behe B0n} 
15| 191,895 1,310} 248) 1) 2) 35 56] 0} 35) 0 y y y 29 
16 5,136 1,246 4 0 0 0 4 0 0 1,060 1,040 920 
17 2,714 801 766} 0} 65) 291 0} 0; 291) 12 y y y 36 
18 123 15 15) 2) 2 5 2} 0 5) 0 y y y 38 
19 5,953 361 629 2 2) 355 0 0} 355) 12 y y y 35 
20 2,125 78 133 0 0; 0 0) 0 2,310 2,310 | 2,310 
21 2,069 1,967} 262) 106} 12} 250 0} 128] 122) 0 | e2,000 e1,200 | e 800 34 
22 0 1 0 0 0 0 0 2,423 2,423 
23 | 2,431,985 | 172,443} 1,264] 53 0 0 1,176 0 0} 0 1,020 |50-1,000 |50-1,000 
24 155 15 62} 0] 3] 29 1; 0] 29) 0 y y y 42 
25 447,773 5,441} 313) 0] 65 0 75; 8620 0} 0 1,125 | 50 up | 40-230 
26| 219,775¢| 61,082] 484] 25] 0] 385% | 86| 255] 63] 6713] ¢2,780 | 1,586 | e1,01914 (os 
27 0 0 li (0) 0 0 o|} 0 0} 0 2,134 2,134 | 2,134 
28 25,581 12 444 1) O 6 0} *0) 6| 0 1,200 0 0 25 
29 71,240 225 91 0 9 1 4 0 1) 0 1,200 y y 29 
30 463 463 1 Ly 0) 1 0}. 1 0; 0 y y 64 
31 100 100 8; 8 0 7 1 7 0} O | e2,602 2,500 44 
32 57 57 44 O| O 0 0] 0 0} 0 j y 1 13 
33| 3,656 | 1,670)  2| 0} o| 0 a] OO OLA PIN acre | aise 
34| 73,104 | 15,808] 116] 13| 34} 21 | 60] 10| of ass) $800 | DED | OD 40 
35| 37,832 | 5,890| 16, 3] of 3 | 12) 3| of o | {280 U1 9309 35 
36 221 0 5} 60) «C0 0 0) 640 0} 0 1,200 1,200 | 1,200 
37 6 0} 503) 17) 19] 256 0| 0} 256) 0 y 0 0 18 
38 0 0 12; 0} 0 0 0) 20 0) 0 ] 0 0 20 
39 179 15} 360) 28} 19} 62 0; oO] 62) O y 0 0 40 
40 | 3,870,380 | 296,643] 12,220] 467| 251/3,561 | 1,615] 510) 2,973 78 
5 Gas-production figures were supplied by Cyril K. Moresi, State Geologist, Louisiana Dept. of Conservation. Casing- 
head gas production is included, totaling 43,496 million cu. ft. in 1938, of which 34,600 million was from Rodessa. The grand 


total includes only 84,461 million cu. ft. of casinghead gas, 


6 The Rodessa Operators Committee estimates Rodessa gas pr 
to pipe lines and 24,903 million to air); cumulative total to Dec. 31, 


lines, 213,029 million to air). | 
12 Gas injection into reservoir. 


13 Gas lift. 


14 Weighted average bottom-hole pressure; 


as no records were kept in earlier years. i 
oduction for 1938 as 64,026 million cu. ft. (39,123 million 
1938 as 406,386 million cu. ft. (193,357 million to pipe 


Dees-Young zone, 1314 lb.; Gloyd zone, 474 lb.; oil area average, 1019 lb. 
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: : Deepest Zone Tested 
Producing Formation to End of 1938 
Depth, Average 
in Feet? 
oO 
3 tre 4 oO < Name +3 
N Agee Bottoms | To Top rs = “ge ia 
E .  \ofPro- | of Pre | 2 | & |S<gl 8 he 
a ductive | ductive s g Et Sh| S 23 
g Wells Zone a 5 Sa] £ am 
as] o iw a n 
Pine Island 6,695 6,665 Travis Peak 8,017 
1| { Travis Peak | ao H38 ae ya) Oe Sa a wh gar 
Nacatoch re Cotton Vall 6,137 
2| | Raleses Cre | 1035 | 1,010 Bf Pa tothe peo 
re! ,000— tton Valle 9,244 
3)8 CreL 5,900 . 8,0 Por y | A | Cotton y 
4s elites Dies | So} Por | y | Af | Cotton Valley | 6,351 
Buckrange 3,060 | 3,050 Vall 10,066 
5|{ toe} cet | {3459 | say | 8 alll caked bolts ei: 
6 | Jackson Eoc 1,438 ae 8 = 25 N | Wilcox 3,705 
Saratoga-Annona, CreU 1,922 16 is is Peak 8,929 
7 { Baiey. Rodessa CreL 3,232 Binet C,L { Por = m4 i ri pis? 
8 , 
Buckrange CreU 2,547 2,532 11 
OH aeons Grek | 4050 | 4500 [s,4,0f| Por |{72}| 4 
10 | Travis Peak CreL 5,987 5,692 8 10 15 | AL 
11 | Cotton Valley L. Mes.?} 8,400 8,270 5 17 40 A 
12 | Cotton Valley L.Mes.?| 8,650 8,570 8 17 40 | A 
13 | {ey } 825-3,500/ S.C | Por | y |AF/PineIsland | 6,487 
Rodessa 5,880 5,862 18 . 
14 Travis Peak CreL | { 7 780 | Pee ee et | So{| A | Travis Peak | 7,693 
acatoch, 
15] { Saat io } Cre | {oise | acct | 8 Por | vo} A | Ping Inland, :() 0388 
16 | ‘‘ Monroe gas rock” CreU 2,344 2,336 LS Por 8 D | L. Cre, igneous} 3,142 
17 | Buckrange CreU 2,680 2,665 s Por 25 A | Pine Island 5,092 
18 | Eagle Ford? CreU ot ret § : Por 11 | NL| Paluxy? 3,373 
Nacatoch 1,345 oa 
inh poet CreU {2008 2 | 8 Por | 63 | AF| Cotton Valley | 4,504 
. 018 
Ozan, Tokio, CreU , ¢ s : 
20 { sea ata eae 2,958 | 2.544 6} Por | 50 | Af | Travis Peak | 5,777 
21 | Pine Island CreL 5,300 5,275 oO 20 10 N | Travis Peak 5,851 
22 | Rodessa CreL 5,187 4,953 O Por 30 A | Rodessa 5,187 
23 | ‘‘Monroe gas rock”’ CreU 2,205 2,145 LS 23 50 A | Cotton Valley | 7,021 
24 Paluxy - CreL 3,237 3,175 L,S Por 16 | Nf | Glen Rose 5,063 
25 freee ee Ce 2,447 | 2349 |8,LS | Por | 76 | A | Cotton Valley | 9,986 
26 | Rodessa Orel in| { inp Bors} [SO | 5-85 | 5-80 | AF| Pre-Cre. salt 11,486 
27 | Pine Island CreL 5,822 5,316 oO Por 10 A | Travis Peak 5,822 
28 | Buckrange CreU 2,700 2,681 8 Por 11 A | Rodessa 5,120 
29 | Buckrange CreU 2,680 2,665 S 20 12 A 
30 | Cotton Valley L. Mes? | 10,462 8,990 8 Por 20 A | Cotton Valley?) 10,462 
31 | Pine Island CreL 5,581 5,550 O Por 15 | A | Travis Peak 025 
32 (cps CreL ae ret O Por 40 | A | Travis Peak 7,202 
essa i ; ‘ 
3 | | Re ak } CreL {ears | bas? t | 0,8 | Por | 30 | A |Travis Peak | 7,028 
34| 0 { Gre} |g50-5,200] 1 | 8,0 | Por | 30 | A |TravisPeak | 6,112 
Rodessa ) 4,400 4,370 O 18 13 
35 { Pine Island-Travis Peak § CreL { 5,730 5,700 \ { 8, SL Por 50 } A | Cotton Valley? | 10,759 
36 ray é CreL ; 2,840 8 Por 10 | AL | Pine Island 5,930 
37 | Cane River-Wilcox Koc 1,530 1,520 8 Por 9 |MU | Tokio 6,463 
38 | Jackson Koe 804 794 iS) Por 9 | NF} Wilcox 2,435 
3 | { Saratoga-Annons, CrelJ 2,500 | 2,100 | f° Fis | z | Af|L.Glen Rose | 7,155 
: Paluxy CreL L 
0 3 


7 There is no longer any definite relation between 
producing formation, since many wells are compl 
5 Different areas produce from Nacatoch at about 1000 ft.; Buc 


Island, 5850; Travis Peak, 5900 to 6000. 


9 Production from Nacatoch at about’ 1000 ft. 
re to 2400; and at Pine Island, from Rodessa Gl 


eted through casi 


ick 


top of productive zone, bottoms of productive wells and thickness of 
perforations. 
‘ange, 1950; Tokio-Paluxy, 2300; Rodessa, 4650; Pine 


; Saratoga-Annona chalk, 1500 to 1600; ‘‘Blossom,” 1825; Tokio-Paluxy, 
en Rose, 2800 to 3000; Pine Island Glen Rose, 3700 to 3800; Travis Peak, 


000. 
oh Production from Nacatoch at about 800 ft.; Saratoga-Annona chalk, 1400; Eagle Ford-Paluxy, 2600; gas from Paluxy?, 


1 Production from Nacatoch at about 850 ft.; Buckrange, 1725; Tokio, 
4275; Pine Island (Pettit zone), 5100 to 5200. 


2450; Paluxy, 2750 and 3100; Rodessa, 4100 to 


: 
? 
: 
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Determination of this point must await more drilling in eastern Texas 
and careful study of the fossils. 


New Frevp 


Shreveport.—On July 15, 1938, R. E. Allison’s No. 1 Ellerbe et al., 
sec. 27, T. 18 N., R. 14 W., Caddo Parish, was completed through casing 
perforations at 5548 to 5570 ft., in the Pettit zone of the Pine Island 
member, producing 500 bbl. per day of 43.8° gravity oil through 14-in. 
choke, with gas-oil ratio of 591 to 1 and bottom-hole pressure of 2602 lb., 
as the discovery well in the Shreveport oil field. The well had been drilled 
‘to a depth of 6025 ft., and tested salt water in the upper Travis Peak sand 
at 5824 to 5858 feet. 

This well is less than a mile northwest of the Shreveport City Limits, 
and production was soon found in the northern part of the city. The oil 
field partly underlies the old shallow Cross Lake gas field, which formerly 
produced principally from the Nacatoch sand. By the end of 1938, 
eight producing wells had been completed, and a salt-water well 14 mile 


TaBLE 2.—Summary of Drilling Operations in Louisiana in 1938 


Important Wildcats Drilled in 1938 


Location 
F Total Surface Deepest Horizon 
Parish Dept Formation Tested 
Sec. Twp. Ree. : 

AGipBienville nse se yeney et. Aneto ees terse 25 14N 8 W | 10,770 | Wilcox Cotton Valley 

apBionvilla Saris 0, Sosa osu, sveenkio sales 18 16N 9W | 5,777 | Wilcox Travis Peak 

SUC Ad LO nace cise fitretieie ei ytee oo as enls Ct Be 27 18N | 14W | 6,025 | Wilcox Travis Peak 

“i EGC: od aon cote 1 pO a Corea enon noes 34 22N | 16W | 4,865 | Claiborne | Rodessa 

MMC MAT LOLUE terreno, cakes trata raters rei. 5 19 N 5 W | 10,759 | Claiborne Cotton Valley? 

ON Corcordings MEEK saci = desea estas cee +s 35 5N 8E 6,105 | Pleistocene | Wilcox 

ROMP a SObONS Mer ere cept iesiihacsicie re pois 26 12N | 16W | 5,187 | Wilcox Rodessa 

CVheit ins On SS eaidice s Re Rn Ser Oe AOC eee 3 15N | 11E 4,334 | Pleistocene | Rock salt 

SI NEOTSMOUSS ati iSetaicisis caste ios a. sispa)occiess wie 'ssap%e 10 20N 7E 7,032 Pleistocene | Igneous rock 
HOMER cd iverspotaietere cnccune asin «tes 12 12N | 11. W | 6,487 °| Wilcox Pine Island 
Die eed IRi vere esate ene ct tarccee sowie « 20 11N 9W | 7,155 | Wilox Travis Peak 
UIP ESSA Cai et a thea ak ae at ee 23 7N | 14W 4,208 | Wilcox Paluxy 
185: Sel SiG, See eeviS ce aiennbe vic Onda ane e neemseoe 8 9N 13 W 8,929 | Wilcox Travis Peak 
RAN RU EOI ie een ices ack tet castasns anasie ts © 14 21N 1E 9,983 | Claiborne | Smackover 
HOMMWc baleen iis cnc nikratodeeen eens cs etc 36 21N | 10W 8,642 | Claiborne | Cotton Valley 
HOMME DStebect «clad haytenieneiieo asain stead 3 20N | 10W | 8,686 | Claiborne | Cotton Valley 
ity ANiGleS ie) ap eSenn sop oteeonan daa acicae forte 21 21N | 10W | 8,725 | Claiborne | Cotton Valley 
MBN MIV GOB GEL ere rayatyrrst ore slale-cl<. fis al aviv wis slacecs'ayavew 5 20 N 10 W 9,187 | Claiborne Cotton Valley 
POU GDater ime: tenbsecy bien ..ceoseeinsertinl| 84 23 N 9W | 10,462 | Claiborne | Cotton Valley? 
DON W GLSCCR Ere e acta io ciesslets s o.cycheabenatiica guata.s s'e a 17 23 N 11 W | 10,070 | Claiborne Cotton Valley 
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northwest of the discovery established the limit of the field in that direc- 
tion. Only one of the completed wells was rated as a gas well, but some 
of the others have high gas-oil ratios. The structure is not yet defined, 
but evidently is a very flat anticline with small closure. The gas well 
is only 24 ft. higher structurally, on the top of the producing bed, than 
the salt-water well. The producing formation consists of two or three 
beds of porous, odlitic limestone separated by tight or shaly layers, in a 
70-ft. interval, but in general only one 10 to 15-ft. bed carries oil at any 
one location. 

Three tests drilled on the south edge of Shreveport, 3 to 8 miles from 
the producing area, not only ran 70 to 80 ft. lower on structure, but the 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Production Pressure, Lb. 


per Day Choke or! P& Sq. In. 
Drilled by G Pent Remarks 
Oil 248, _/of an Inch : d 
, Millions Casing | Tubing 
U. S. Bbl. Cu. Ft. 
1| Gulf Refining Co. Dry Pon ; 
2| De Soto Oil & Gas Co. | Distillate} 40 Open | 2,275 | 2,275 | Extends Lake Bistineau field 3 miles east 
Perforated 5,080-5,090 
3 | R. E, Allison 500 0.3 A 1,525 | 1,325 | Discovery well, Shreveport oil field. Per- 
forated 5,548-5,570 
4 | Colonial Corporation 464 z 2-in. thg.| 650 135 | Extends Vivian pool, old Caddo field, 14% 
miles northwest. Perforated 2,449-2,475, 
in Tokio-Paluxy sand. 
5 | Union Producing Co. Deepened from 5,730. Dry at total depth, 
may be plugged back and recompleted as 
a gas well at original depth 
6 | Benedum & McCormick Dry 
7 | The Hunter Co., Inc. Distillate 4.25 Open 2,423 | 2,423 | Extends Logansport field 4 miles northeast. 
2 ? Perforated 4,953-5,029 
8 | Continental Oil Co. Dry. Discovery of a new salt dome 
9 | W. J. Furlong et al. ry 
10 | Magnolia Petroleum Co. Dry. Deepest test in Bull Bayou field 
11 | Ark. Fuel Oil Co. Dry. Lake End area 
12 | Sutton-Zwolle Oil Co. 984 5 34 900 x Discovery of deeper producing zone in Blue 
; Lake area, Zwolle fiel 
13 | Republic Nat. Gas Co. Deepened from 8,517, did not reach Cotton 
; Valley formation 
14 | Joe Modisette et al. Dry. Farmerville area 
15 | Stanolind Oil & Gas Co. 944 0.6 A 1,175 | 1,125 | Discovery oil well, Bodcaw sand, southeast 
F : 7 flank of Cotton Valley 
16 | Midstates Oil Corporation| 360 0.3 \% 1,480 | 1,400 | Discovery oil well, “‘D’’ sand, south flank 
‘ of Cotton Valley. Perforated 8,502-8,533 
17 | N. Am. Oils, Consol. 648 0.8 % 1,000 275 | Bodcaw sand oil well, northeast flank of 
: ‘ ; Cotton Valley. Plugged back to 8,685 
18 | Oliphant Oil Corporation Dry. Deepest test and first Bodcaw dry 
hole, defining Cotton Valley field on 
: : southwest 
19 | Magnolia Petroleum Co. | 279 dist. 3 149 1,700 | 1,625 | Deep discovery well, Shongaloo field. 
Perforated 8,990-9,010 
20 | Magnolia Petroleum Co. Dry. Northeast of Carterville field 
In Proven Fields | Wildcats 
Number of wells drilling Deo. 81, 1988, ...0....0.-sseeneseteceesseceseess 56 12 
Number of oil wells completed during 1938.............0.ccccceeuceceevees 349 1 
umber of gas wells completed during 1988..............cccececesucceeece 116 1 
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Pettit zone had practically no porosity; indicating that oil accumulation 
in the field may be localized by variations in porosity, as well as 
by structure. 


EXTENSIONS AND DEVELOPMENTS 


Cotton Valley.—Cotton Valley was one of the active fields in 1938. 
There were 30 oil wells completed in the Holloway sand, which seems to 
be limited to two lenses on the northeast and southwest flanks of the 
structure; and also 41 gas and distillate wells in the Bodcaw sand. 

An important development was the discovery of oil in sands of the 
Cotton Valley formation on the flanks of the structure. The Stanolind 
Oil & Gas Company’s No. D-1 Pardee Co., sec. 36, T. 21 N., R. 10 W., on 
the southeast flank of the field, was completed June 6, flowing 944 bbl. 
per day of 39.6° gravity oil from the lower part of the Bodcaw sand at 
8607 to 8642 ft. On July 9 the Midstates Oil Corporation’s No. 1 Welori 
Lumber Co., sec. 3, T. 20 N., R. 10 W., was completed for 360 bbl. per 
day of 44.4° gravity oil at 8502 to 8532 ft. (total depth 8626 ft.) in the 
““D” sand, which occurs 90 to 100 ft. above the Bodcaw sand. At the 
end of the year three wells were producing oil from the Bodcaw and three 
from the ‘‘D” sand, one of the latter being the Standard Oil Co. and 
Oliphant’s No. 1 Stewart, which was a Bodcaw sand gas-distillate pro- 
ducer, plugged back and reperforated in the ‘‘D” sand. However, a 
test 34 mile southwest of this well showed salt water in both Bodcaw 
and ‘‘D” sands, indicating that deep oil production will be confined to a 
narrow belt around the structure. 

Lisbon.—During 1938 the proved area of the Lisbon field was almost 
doubled, with 106 oil wells completed, 88 in Claiborne and 18 in Lincoln 
Parish. This practically completes drilling in the field, as it was outlined 
by eight dry holes around the south and east edges and by very small 
wells on the north. Spacing was changed from 20 to 40 acres per well, 
as it became evident that wells drilled on 20 acres would hardly pay out. 
Twelve producing wells were abandoned, mostly along the north edge 
of the field, where the producing formation has little porosity, although 
it is structurally the highest part of the field; and almost half of the wells 
were on the pump. 

Logansport.—The Hunter Company’s No. 1 Parker, sec. 26, T. 12 N., 
R. 16 W., De Soto Parish, 2 miles northeast of Logansport, was com- 
pleted June 2, 1938 with estimated open-flow potential of 4,250,000 cu. ft. 
per day of gas and closed pressure of 2423 lb. Total depth is 5187 ft., 
but completion was through casing perforations at 4953 to 5029 ft., in 
the Rodessa member of the Glen Rose, about 100 ft. below the base of the 
massive anhydrite. 

This is considered an extension well, because there were already three 
gas wells on the same structure in Shelby County, Texas, about 4 miles 
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southwest of the No. 1 Parker. Although not a large well, this helps 
to prove a considerable area and gas reserve in the Rodessa zone on the 
Logansport structure. 

Rodessa.—Rodessa remained the most important producing area, 
yielding about 48 per cent of the total north Louisiana oil production, 
although drilling is practically completed. Only two producing wells 
were completed during the last eight months of 1938. Bottom-hole 
pressure has declined rapidly, especially in the Gloyd zone, where it 
averages less than 500 lb. According to the Rodessa Operators Com- 
mittee, 118 wells were making more than 1 bbl. per day of salt water, 
and 87 making smaller amounts; and the total water production in 
December 1938 was estimated at 12,992 bbl. per day. 

Shongaloo.—The first deep test on the Shongaloo structure, where 
gas and a little oil have been produced from the Buckrange sand since 
1921, was the Magnolia Petroleum Company’s No. 1 Sexton Unit, sec. 32, 
T. 23 N., R.9 W. This well reached the top of the Cotton Valley for- 
mation at 7600 ft. and was drilled 2862 ft. deeper, to a total depth of 
10,462 ft. As in other deep tests at Sugar Creek and Rodessa, this well 
did not find any typical Buckner anhydrite and Smackover limestone, 
but it is possible that the last 600 ft. represented beds equivalent to the 
Smackover limestone in age. 

The well was completed June 3, through casing perforations at 8990 
to 9010 ft., producing 279 bbl. per day of 64° gravity distillate with 
2,900,000 cu. ft. of gas through 1145-in. choke. The producing sand is 
lower in the Cotton Valley formation than the Bodeaw and associated 
sands at Cotton Valley. Two other deep wells in this field were drilling 
at the end of the year. 

Deep Gas Fields.—The year 1938 was another one of little development 
in the deep gas fields. At Lake Bistineau, Bienville Parish, one well was 
drilled, extending the producing area of the Pine Island member about 
3 miles east. 

At Sligo, Bossier Parish, only two Pine Island (Pettit zone) gas wells 
were completed, but there were also 11 oil wells in the 3100-ft. zone, 
discovered late in 1937. 

At Sugar Creek, Claiborne Parish, two gas wells and one oil and gas 
well were completed in the Pine Island—Travis Peak contact zone. One 
old well, the Union Producing Company’s No. 2 Brownfield, was deepened 
to 10,759 ft. and temporarily abandoned as dry at that depth, but will 
probably be recompleted by perforating casing in the former producing 
zone. This well penetrated 2970 ft. below the top of the Cotton Valley 
formation without finding any typical Buckner formation and Smackover 
limestone, although there is some doubt as to whether the lowest beds 
were still Cotton Valley formation, or were the age-equivalent of the 
Smackover limestone. 
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Other completions were one Rodessa zone well at Driscoll, Bienville 
Parish and one in the Travis Peak at Longwood, Caddo Parish. 

Old Fields.—Activity continued in the old Caddo shallow fields, with 
83 oil wells, 1 gas well, and 27 dry holes completed. In December, the 
Colonial Corporation’s No. 1 Thigpen-Herold, sec. 34, T. 22 N., R. 16 W., 
after drilling through the Rodessa member to a total depth of 4265 it; 
was plugged back and completed in the Tokio-Paluxy sand at 2475 
ft., owing 464 bbl. per day of light oil. This well opened an extension 
to the old field southwest of Vivian, and caused a number of other wells 
to be started at the beginning of 1939. 

Drilling in and around the De Soto-Red River field was unimportant, 
resulting in only 7 small oil wells, 7 gas wells, and 17 dry holes. The 
Magnolia Petroleum Company’s No. 59 Pugh, sec. 12, T. 12 N., R. 11 W., 
Red River Parish, the deepest test ever drilled in the field, was dry at 
6488 ft. It had some porous beds carrying salt water at 5160 to 5230 ft., 
in the Rodessa member from 160 to 230 ft. below the massive anhydrite, 
but there was practically no porosity below this. The Travis Peak was 
not quite reached. In the Lake End area of Red River Parish, southeast 
of the De Soto-Red River field proper, the Arkansas Fuel Oil Company’s 
No. 1 Franklin Realty Co., sec. 20, T. 11 N., R. 9 W., was also dry in the 
upper Travis Peak at 7155 ft. No other deep tests were drilled in these 
two parishes, except the gas well at Logansport, previously mentioned. 

At Zwolle, the discovery of an extension of the chalk producing area 
just south of the town of Zwolle led to a renewal of drilling activity, so 
that 28 oil wells and 26 dry holes were drilled in 1938, while oil production 
almost tripled. In May, the Sutton-Zwolle Oil Company’s No. 1 Sabine 
Lumber Co., sec. 23, T. 7 N., R. 14 W., in the Blue Lake area, blew in 
while coring at 4208 ft., making 41 bbl. per hour of oil; production proba- 
bly coming from a break at 3845 to 3855 ft., in the upper part of the 
Lower Cretaceous, probably the Paluxy formation. Although this well 
continued to be a good producer, it was evidently a freak, because four 
other tests in the vicinity were drilled to greater depths without finding 
even a showing of oil. 

The old Bellevue and Urania shallow fields continued among active 
areas, with respectively 23 and 17 oil wells completed. 

The Monroe gas field had 53 new gas wells, of which 18 were in More- 
house Parish, 3 in Ouachita, and 32 in Union; a decrease from the 87 com- 
pleted in 1937. In 1938 the Monroe field produced 58.1 per cent of the 
north Louisiana total, and this field has made 62.8 per cent of the total 
cumulative production recorded up to the end of 1938. 

Other Deep Tests——Deep wildcat tests not previously mentioned 
include the following: 

In Bienville Parish, sec. 25, T. 14 N., R. 8 W., the Gulf Refining Com- 
pany’s No. 1 Good Pine Oil Co. was drilled to 10,770 ft., and is still the 
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second deepest in north Louisiana. It was drilled on geophysical data, 
being 6 miles south-southeast of the Castor salt dome and 8 miles west- 
southwest of the Prothro dome. It went over 1100 ft. into the Cotton 
Valley formation, topped at about 9650 ft. There was salt water in the 
Rodessa zone just below the anhydrite, but no satisfactory porosity was 
found in lower formations. 

In Madison Parish, sec. 3, T. 15 N., R. 11 E., the Continental Oil 
Company’s No. 1 Singer Mfg. Co. found anhydrite cap rock at 4011 ft. 
and rock salt at 4196 ft., total depth 4334 ft.; proving a new interior salt 
dome. This location is near the center of the Mississippi Basin, and is 
70 miles east of Sikes, the nearest previously known dome in Louisiana, 
but is only 45 miles from the Edwards salt dome in Mississippi. Several 
more salt domes are reported as located by geophysical methods in the 
Mississippi River bottoms. 

In Morehouse Parish, sec. 10, T. 20 N., R. 7 E., W. J. Furlong et al.’s 
No. 1 Clark, total depth 7032, was the first deep test east of the Monroe 
gas field. The Cotton Valley formation was found at about 2900 ft., 
and at 6140 a formation of sandy limestone and limy shale, believed to be 
equivalent to the Smackover limestone in age, was encountered. The 
bottom of the hole was in igneous rock, probably a dike or sill. 

In Union Parish, sec. 14, T. 21 N., R. 1 E., the Standard Oil Company 
of Louisiana and Joe Modisette’s No. 1 Frost Lumber Industries was 
drilled to 9983 ft. This is on the large, flat ‘‘Farmerville high’ where a 
number of shallow tests had been drilled previously. The Cotton Valley 
formation was found at 6160 ft. and the Smackover limestone equivalent 
at 9548 ft., but no satisfactory porosity and saturation were found, and 
the test was abandoned as dry. 

In Webster Parish, sec. 17, T. 23 N., R. 11 W., the Magnolia Petro- 
leum Company’s No. C-1 Pardee Lumber Co. drilled to 10,070 ft., or 
2135 ft. below the top of the Cotton Valley Formation. The location is 
3 miles northeast of the Carterville shallow producing area. This well 
found little porosity in the Travis Peak and Cotton Valley formations. 
There was a showing of oil in the Pine Island member between 5925 and 
5990 ft. but testing did not develop any production. 


PROSPECTS FOR 1939 


A considerable decrease in drilling activity is to be expected in 1939, 
as Rodessa and Lisbon are almost completely drilled up, and the only 
discovered fields calling for much additional drilling are Cotton Valley 
and Shreveport. At the beginning of 1939, deeper tests were drilling 
at Lake Bistineau and Sibley, but no extensive drilling in the deep gas 
fields is probable until the Monroe production starts to decline or demand 
for gas increases. A few other very deep tests are projected on known 
structures or geophysical prospects. 


H. K. SHEARER ayiL 


Oil production should remain approximately the same as in 1938. 
Proration allowables have been liberal during the past year, but increases 
in production in the Cotton Valley and Shreveport fields should make up 
for the natural decline at Rodessa, Lisbon and older fields. 
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Oil and Gas in Michigan during 1938 


By Turon Wasson,* Memper A.I.M.E. 


(New York Meeting, February, 1939) 


MicuiGan reports another record year. Its production of 18,605,000 
bbl. exceeds any previous year’s total and is 2,000,000 bbl. over 1937, 
the previous record year. Production in 1938 brings the accumulated 
total for the state to a little over 100,000,000 bbl. It has taken 14 years 
to reach this accumulative figure, which would meet the needs of our 
country for about one month. 

Twelve new oil and gas fields were opened in 1938 and 978 tests for 
oil and gas were completed, of which 566 were oil wells, 25 gas wells and 
387 dry holes. The new oil discovered is probably about equal to the 
oil produced during the year. 


ACTIVITIES IN 1938 


The Temple field, Clare County, was the discovery of the year. Since 
July, 46 wells have been completed, and although not yet outlined it 
appears that more than 2000 acres have been proved for production from 
the Monroe of Devonian age, at a depth of 3900 ft. This discovery is 
the result of a wildcat test along a trend northwestward from the older 
fields of the central basin. The Edenville pool, Midland County, ranks 
second among the new fields. Thirty-five producing wells have been 
drilled to the Dundee at 3800 feet. 

The surprise development was in southwestern Michigan, Allegan 
and Van Buren Counties, where six new Traverse lime pools were opened 
with a daily production of about 8000 bbl. at the end of the year. This is 
the first consistent Traverse production in the state and is about 100 
miles southwest of the producing areas of the central basin. These 
fields have had a rapid development because of the shallow depths, which 
range from 900 to 1500 ft. Bloomingdale, Van Buren County, had a 
town-lot boom, and 72 wells have been drilled there since August 1938. 
Small operators from many states have been attracted to this shallow 
territory, and the coming year will see much drilling in these and 
surrounding counties. 

The Buckeye field, Gladwin County, led the state in amount of oil 
produced. Its total of over 7,000,000 bbl. was far ahead of that of any 
other pool. 


Manuscript received at the office of the Institute Feb. 10, 1939. 
* Chief Geologist, The Pure Oil Company, Chicago, III. 
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The old fields of the Midland-Isabella area maintained a steady 
production from many wells, which are now from 7 to 10 years old. 

Some minor gas discoveries were made but the Six Lakes gas field, 
now 4 years old and with 212 producing wells, stands as Michigan’s 
largest gas reserve. 


EXPLORATION 


Exploration has continued during the year with an increasing interest 
in the counties lying to the north and northwest of the central basin. 
This is an area where glacial drift from 200 to 700 ft. thick must be pene- 
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Fig. 1.—O1L AND GAS FIELDS OF MICHIGAN IN 1938. 


trated before structural markers are found. Shallow drilling has been 
carried on by some companies to depths of 1200 ft. or more where the 
Marshall sandstone is used as a datum. 

Some reflection seismograph work has been done in the central basin 
and experiments made in southwestern Michigan may lead to its further 
use there. The glacial cover is a source of trouble in using this method. 

The important wildcats drilled during the year were in the south 
half of the lower peninsula. The deepest test was drilled in Midland 
County to a depth of 5195 ft., where it was abandoned in the Lower 
Monroe. An attempt to classify the 300 wildcat tests drilled during 
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the year shows that 199 were blind wells, drilled without geological 
guidance; 50 of these were blind tests near production. Out of the 
199 tests, 9 produced oil or gas; that is, 4.5 per cent were successful. 
Wildcats drilled on structures outlined by geological work were 18 per 
cent successful, as out of 101 tests of this class 18 discovered oil or gas. 
All new fields are producing from previously known horizons. A few 
wells have found small production in the Monroe at greater depths than 


TaBLE 1.—Oil and Gas Production in Michigan in 1938 
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Total Gas 
Area Proved, | Total Oil Production, | Production, | Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
Field, County During} At End of 
1938 1938 
r é To End of| During | & 2 % 
§ 83) “OU" | Geet | toss iol 1008 2) S| ooh Oe 6 \8 
g a= © |S | 3=|3/8| # 12 
iz Ss io) wo | 2s] 2/8 5 3 
Z ts a | flselelz| 3 13 
g ae o } ot agl Sis S4es 
a mls ANSE SERN CRESS WALOMAN OW ia IS Soper ber 
1] Saginaw, Saginaw.............. 14 | 1,800 0} 1,301,675} 28,342 
2! Gratiot, Gratiot.................]12 0} 400 0 0 5 0 s: 9 
3: Mt. Pleasant, Isabella-Midland..|11 | 8,000 0} 20,253,987} 583,381 0} 50) 220y} 0 
4) Muskegon, Muskegon........... ll 2,700 0} 6,568,226 59,510 0} 21 74| #17 
5| Broomfield, Isabella............ 9 0} 4,100 0 0 
6| Clare (McKay), Clare.......... 9 0} 400 0 0 0 i 0 ¢ 
7| Leaton, Isabella................ 9 | 2,100} 480) 2,447,417) 213,113 0} 15 50; 3 
8| Vernon, Isabella............... 9 | 1,100} 880] 3,789,907] 256,069 
9| Porter-Yost Clark, Midland.....| 7 |} 8,100 0| 32,977,275] 2,629,837 4 a8 oF 5 
10| Hart, Oceana.................. 6 | 160/ 0] 116,275 0 o| o| = o}:so0 
11| Big Rapids, Mecosta............| 54% 0} 2,200 0 0 0} 4 0} 15 
12| Edmore, Montcalm............. 5 160 0} 363,255} 31,145 Oo] 5 7t, 
13] Ogemaw, Ogemaw.............. 5 5,000 0} 3,054,676} 753,081 4} 238) O 
14] Beaverton (N. & S.), Gladwin...) 4 580 0} 555,120} 88,629 
15| Birch Run, Saginaw............ 4 300 0 156,200 20,078 0 3 33 4 
16] Six Lakes, Mecosta-Montcalm....| 4 0} 10,120 0 0} 11,704 14 0} 212 
17| Crystal, Montcalm. ..... oe ae 314] 2,180} 200] 6,870,856} 239,879] 331 43 45) 6 
18] New Haven, Gratiot.............| 3 0} 2,400 0 0} 1,253 
19| Buckeye (N & §), Gladwin...... 214] 5,170 13,824,366] 7,385,592] ' 0 8 au 
20] Ravenna, Muskegon............| 244 0 0 te ee) 0 0| 27 
21| Clayton, Arenac................] 2%] 1,800 2,196,442) 1,108,310 8 4 50 7 
22| Sherman, Isabella.............. 214| 1,110 2,717,424 1,152,310] 418 10 62| 2 
23| Adams, Arenac.............. 144} 400 66,758} 53,344 oO} - 0 1 12} 0 
24| Bentley, Gladwin...............] 1%] 1,000 224,533] 217,193 0 0 
25] Salem, Allegan................. 144| 1,100 1,336,311) 920,647 0 0 7 - 4 
26| Dorr, Allegan...............4+. 1 360 125,030} 125,030 0 0 3 20) +O 
27 Edenville, Medland sree tosntan ee 1 400 603,916} 603,916 0 0 4 31 0 
28) Clare City, Clare...............| % 0 0 0} 106) 106 0 Oo} 5 
29] Monterey, Allegan............. 3%4| 300 228,811] 228,811 0 0 1 24) 0 
30} Bloomingdale, Van Buren.......} 44} 510 320,393] 320,393 0 0 0 72| #0 
31) Diamond Springs, Allegan....... 46) 570 469,212} 469,212 0 0 0 53} 0 
82| Overisel, Allegan............... %| 300 145,472) 145,472 0 0 0 20; +O 
S3lDamnle; Clares curt vsn vines ters 1| 2,000 873,030} 873,030 0 0 0 38) 1 
34| Home Twp, Montcalm.......... \% 0 0 0 52] 52 0 Oo] 6 
35] Mill Lake, Van Buren.......... \% x 3,679 3,679 0 0 0 41 0 
36] Winfield, Montcalm.............] V4 0} 1,500 0 0 81) 81 0 Our 7 
37| Wise, Ieabella..............+...5| JA x z 8,289 8,289 0 0 2) 2) 0 2) 0 
38| Miscellaneous..................] 0 0 0 303,435 86,855 32} 32) 39) 19] 0 317-8 
Sete Gh (ore Ree nrsieiye ccsKe 46,700) 29,160] 101,901,970] 18,605,152] 40,325] 9,133] 3,900/606|297| 2,125] 418 


Footnotes for column headings and explanation of symbols are given on page 240, 
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previously known. It will take more testing to demonstrate the value 
of these deeper horizons. 
Dritting Mrtruops 


Cable tools are still used in most fields, particularly in the new areas 
of southwestern Michigan. The rotary method has been used to some 
extent for drilling through the drift in the central basin. This year the 


TABLE 1.—(Continued) 


Oil- 
pro- 
duc- Saag 
tion of Oil, 
Meth-} Pressure, Lb. per | Approx. a _ Deepest Zone 
ods Sq. In.¢ Average Producing Formation of 1938 
at during 
End 1938 
of 
1938 
Num- Gravity 
Average at Depth, Aver- 
ber of A.P.L. at F 
Wells End of 60° F. age in Feet 
a Tnitial Name x - Be Name |2 
Cm =] 
< Weighted SE 3:5 % = a s a 
S|.) x 1937] 1938 | ¥clsitec se teso |2/18) 38| 8 3 
2 8/8 : f3.9|S3el8/e| Ge | 2 a 
2|8| 4 & |SEfISE8/ 8/8] sb] z Buss 
5 lel & ag cotex | leat eee | ae ae 
1} 0} 55 a z 44.3 | Berea Mis 1,850) 1,820} S | P 16 A | Sylvania | 3,970 
PAN a) ee en 0 Parma Pen 510 500) § | P 10 |MCY| Dundee | 3,100 
3] 0/222 z| 2 2 41.5 | Dundee Dev| 3,573} 3,542) L | P 15 A | Sylvania | 4,821 
alo} 7s] a} 2] a] 37.4] Bay Dev| 2,075| 2,050] L | P| 10 | A |St. Peters | 4,754 
5} 0) 0} 550) =z 180 0 Stray-Mar | Mis 1,350} 1,300) 8 | P 5 A | Monroe | 3,788 
6| 0 605] = 135 0 eer Niet Mis Ray Me : is is e A | Monroe | 4,055 
Stray-Mar | Mis |G-1, I, 
7| 0| 51] 550] «| 150| 43 { De ahh clos satlowed ot O41] A | Monroe | 4,390 
8} 0} 41 575) =z 210 44.1 | Monroe Dev 3,744! 3,741] Dol] P 3 A | Monroe 3,907 
9} 0/392 al % fg 41.3 | Dundee Dev| 3,434] 3,422} L | P 12 A | Monroe 3,677 
10] 0} 0 az Z 34. Traverse Dev 1,890} 1,880] L | P 4 A | Dundee | 2,407 
11} 0} O 502) xz 330 0 Stray-Mar | Mis 1,410} 1,390} 8 | P 10 A | Monroe 4,042 
12| 0} 8! 900] x x 43.2 | Trav Dev oe oe z YP. ae A | Dundee _ | 3,700 
Trav -1,8 -l, - 
13} 0/238) a} = £ 33.4 Dundee _| Dey | D-2,707|D-2,622) L | P| D-20 | 4 | Monroe |3,637 
14| 0} 23 Ee x 41.3 | Dundee Dev 3,895} 3,880} L | P 12 A | Dundee 4,025 
15| 0} 25 a Z 42.4 | Berea Mis 1,546] 1,529] S-D) P 13 A | Dundee 2,760 
16} 0} 0 515} = 402 0 Ales ais eae Aue : iD 16 A | Monroe 3,529 
tray-Mar is |G-1, -1, 
17| 0| 47] G-448| y | G-404 41.3{ ater AN soe o8t0i|o-8201] : ‘ s ss ves 
4 Stray-Mar | Mis 95 undee i 
9 ol413 oe Z os 36 Tunes Dev} 3,627) 3,599} L | P 944} A | Monroe | 4,330 
20) 0} O 720) & 475 0 Berea Mis re ry G hone a4 iP 10 y | Dundee 2,306 
G-Berea Mis |G-1, -l, 
21] 0] 52) a] * 34.3{ Cotes tee lOntloeual L [P| 12 | A | Dundes. \2,707 
22) 0} 62 ro ef x 47.8 | Monroe Dev See cal ae D|P - te A | Monroe 4,031 
ie Traverse -2, -2, = 
23| o| 12) al P eve Pravere® | Der | Gs nedlpadomol | Pl mae | A | Dundes... | 2.004 
24) 0} 35 | 2 2 41.4 | Dundee Dev} 3,5 3,502} L | P 26 A | Dundee / 3,685 
25] 0} 97 a| 2£ x 41.5 | Traverse Dev| 1,601) 1,587) L | P 8 A | Dundee | 1,950 
26} O} 21 Gl Gk x 41.1 | Traverse Dev} 1,607} 1,596) L | P 4 A | Monroe _ | 1,932 
27| 0} 34 cl ed x 41.3 | Dundee Dev 3,796| 3,788) L | P 8 A | Dundee 4,015 
28] 0} O} 605) « 559 0 Stray-Mar | Mis 1,295] 1,285) 8 | P 544] A | Monroe | 3,865 
29] 0} 25 c| 2 z y Traverse Dev 1,648] 1,638} L | P 3 A | Traverse | 1,808 
30] 0} 72 | « x 41.2 | Traverse Dev 1,219) 1,216] L | P 246} A | Monroe 1,693 
31] 0} 53 a|- £ z y Traverse Dev} 1,473] 1,466} L | P 4 A | Traverse | 1,571 
32! 0} 20 | & z 41.7 | Traverse Dev} 1,481) 1,471} L | P 3 A | Traverse | 1,490 
33/38} 0 Z| 2 £ 43.8 | Monroe Dev} 3,898} 3,890} D| P 4 A | Monroe | 8,928 
34] 0] 0 a| z 0 |Stray-Mar | Mis} 1,306] 1,284] S| P} 4 | A | Monroe /|3,505 
35 y| 515) 2 502 y Traverse Dev} 1,279} 1,277) L | P 2 A | Traverse | 1,495 
36 6 0 446 439 0 Stray-Mar | Mis 1,138] 1,128) S | P 8 A | Dundee 3,430 
37| 2) 0 x é z 43. Dundee Dev! 3,716} 3,702) L | P 1044} A | Dundee | 3,723 
38} 0} 31 ic 2 z y x & 
39 
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TaBLE 2.—Summary of Drilling Operations in Michigan 
Important Wildcats Drilled in 1938 
Initial 
Produc- 
Total D i tion per 
: 0 leepes' a 
County Location Depth, Horizon Drilled by . Remarks 
s Ft. Tested! Oil, 
ur- 
vey Lat. | Long. pas 
= ee ee : 
1) Ottawa..... 36 5N|14W| 1,712 | Traverse Morris-Sutherland Important Traverse 
Drill, showing stimulated 
prospecting in area 
Zi) Bayan cack 1 | 14N]} 4E | 2,956 | Dundee Gulf Rfg. Co. 60 | Demonstrated produc- 
tion on structure 
caused _ additional 
prospecting 
3 | Midland 27 |16N] 1W! 3,796 | Dundee Chapman Oil Co. &| 1,000 | Discovery well, Eden- 
Asso. Petr. ville field 
4| Allegan..... 9 3N}13 W| 1,620 | Traverse Sim B. Hood, Tr. 750 “< well, Monterey 
e 
5 | Allegan..... 29 4N|12W| 1,623 | Traverse Eureka Dev. Co. | 250 | Disc. well, Dorr field 
6 | Montcalm 29 | 11N| 8 W) 2,837 | Traverse Gentry Engineering 85 | Has produced 8,713 
Co. bbl. oil since discoyv- 
ery. Willleadtoaddi- 
tional prospecting 
7 | Allegan..... 3 1N/|12W] 1,552 | Traverse Crystal Synd., Inc. 45 | Important showing 
8 | Isabella... . 5 | 13N] 5 W} 3,700 | Monroe Bell & Marks, Inc. 74 | Non-commercial but 
stimulated prospect- 
ing 
9 | Clare....... 35 | 17N | 4W)] 1,320 | Stray-Marshall| James A. McKay 7 | Discovered oil in stray 
sandstone 
10 | Tuscola..... 30 | 14N] 8E | 3,427 | Monroe Norton & Kramer 70 | Production from a 
“pay zone” 425 ft. 
below top of Monroe 
11| Avenac..... 26 | 19N| 3E | 2,978 | Dundee Pure Oil Co. 83 | Discovered Dundeeoil, 
Adams field 
12 | Claresce<s s+ 3 | 18N] 6W} 3,894 | Monroe S. J. Higelmire, Tr. 878 oem well, Van 
orn fie 
13 | Allegan..... 24 4N/13W| 1,687 | Traverse A. G, Allen 5 | Significant showing - 
14| Allegan..... 36 4N|14W}] 1,461 | Traverse Wm. J. Cline 836 | Discovery well, Dia- 
mond Springs field 
15 | Isabella..... 28 | 16N| 3 W)| 3,723 | Dundee Turner Petr. Co. 85 go hp well, Wise 
16 | Allegan..... 21 4N|)14W) 1,473 | Traverse Stewart Oil Co. 200 on : well, Over- 
isel fie 
17 | Van Buren.. 9 1S |14W| 1,222 | Traverse Fisher & McCall 1,337 | Discoveryjwell, Bloom- 
ingdale field } 
18 | Kent....... 32 7N|12W| 1,997 | Traverse McCallum & Herr 20 | First discovery in 
promising area 
19 | Allegan..... 24 3N/13 W| 1,754 | Traverse Claude Sutherland 25 | Encouraging show 
20) Van Buren..| 11 18 | 15 W} 1,174 | Traverse W.E. Ross - 150 a well, Col- 
umbia fiel 
21/ Van Buren..| 14 1S | 14 W| 1,277 | Traverse Little Four Oil Co. 300 pape well, Lake 
1 
22 | Allegan..... 11 4N|13 W| 1,630 | Traverse Gordon Oil Co. 622 | Important discovery 
23 | Clare....... 36 | 17N | 4W)] 1,277 | Stray-Marshall) Gulf Rfg. Co. 02 aan well, Clare 
ity fie 
24 | Montcalm 22 |12N] 6W/] 3,578 | Dundee Socony-Vacuum Oil 03 | Discovery well, Home 
Co. Twp. gas field 
25 | Clare....... 21 | 18N] 5 W)] 4,285 | Monroe Gulf Rfg. Co. 04 
26 | Montcalm. . 7 | 12N| 9W)J 1,184 | Stray-Marshall) Taggart Bros. Inc. 05 | Stimulated develop- 
ment Winfield gas 
area 
27| Monroe..... 28 8S | 6E | 2,512 | St. Peters Sun Oil Co. 0 | First St. Peters test in 
‘ area 
28 | Midland.... 9 | 15N| 1W| 5,069 | Sylvania Sun Oil Co, 0 | First Sylvania test in 


29 Midland. . 


27 


14N 


area 
Y 5,195 | Bass Island Dow Chemical Co. 0 | First Sylvania test in 
area 


_ >—-——- ——— 


Number of gas wells completed during 1938. 
Number of dry holes completed during 1938 


Surface formation, Pleistocene. 


2 Gas, 14,200,000 cu. ft. 


In Proven Fields | Wildcats 
57 25 
552 14 
22 3 
118 @& | 269 


3 Gas, 4,900,000 cu. ft. 


5 Gas, 1,120,000 cu. ft. 


4 Gas, 20,000,000 cu. ft. 


es 
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first well completed by the rotary method was drilled in the Temple field 
of Clare County. The well was completed at a depth of 3913 ft. in 
27 days. The average combination rotary and cable drilling time is 
40 days and straight cable drilling time averages 42 days in this field. 


PRORATION AND CRUDE PRICES 


The Temple field, Clare County, has been under proration almost 
since discovery. At first an allowable of 300 bbl. per well per day was 
agreed upon by field operators, but this was soon reduced by stages until 
at the end of the year 50 bbl. per well per day was agreed upon by the 
operators. Several price cuts during the first months of the field’s 
development were responsible for the voluntary proration measures. 

Prices fell during the year, particularly after the discovery of the 
Temple field and as production increased in the shallow pools of the south- 
western counties. Midland grade dropped from $1.27 at the beginning 
of the year to 921¢¢ in December: Other grades suffered correspond- 
ing cuts. 
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Oil and Gas Development in Mississippi during 1938 


By H. M. Morsz* 
(New York Meeting, February, 1939) 


TueEre was little change in the oil and gas industry in Mississippi 
during the year 1938. No new fields were discovered and the production 
from the Amory field was nil. In the Jackson gas field six wells were 
drilled and production was obtained in each instance, but none of these 
wells increased the area from which the gas is produced. 

Outside the Jackson gas field nine wells were drilled, of which details 
are given in the accompanying table. 

The seeming lack of activity in Mississippi belied what was actually 
happening, for a great many geophysical crews of the major companies 
were active in all parts of the state. There were approximately 65 
structures mapped and for the most part these have been leased. It is 
believed that 1939 will see an increase in wildcatting over a large part of 
the state. 


TasBLE 1.—Summary of Drilling Operations in Mississippi 


Important Wildcats Drilled in 1938 


Location 
Total ‘ace Deepest 
County Daw, station —— Drilled by Remarks 
ur- ‘ es' 
vey Lat. | Long 
i | Calhoun), «7.00: 200., 22N] 9E Wilcox Bill Young Dry hole 
OI Clarke: cee aeere. 5 29 2N/14E Jackson Vicksburg J.L. Ryan Still drilling 
8) (George st. seats avez 9 LS) 8 W Pleistocene | Selma, Up-Cre. | Ryan & Anderson Dry hole 
©) EinGienat aie. ey. 35 6N| 4W Jackson Trinity (?) Cleve Love et al. Dry hole 
Bi. ends creetccukerts 26 7N| 4W | 3,448 | Jackson Wilcox ie te Jeffreys and | Dry hole 
. R. Owen 
6| Montgomery....... 30 | 20N/ 7E No drilling, only permit issued 
7| Pontotoc........... 17 | 118 | 1E Wilcox Ripley Melvin & Waldrop | Dry hole 
8| Wilkinson.......... 35 4N/ 1W Catahoula Cockheld La. Crusader Oil, Inc. | Dry hole 
9} Yalobusha......... 24 1/188 | 6W Wilcox Midway Chas. W, Crader Still drilling 
In Proven Fields | Wildcats 

Number of wells drilling Deo. '81,.1088........0.c.0scacvsecusectccvcetevee 2 

Number of oil wells completed during LOSE: smu etiion Gra nah aehce cree None None 

Number of gas wells completed during 1938. .............0 0.00.0 cceecee eee 6 

Number of ay holes completed during 1988... s-crsacv.a%ocecacee des semen etn 7 


Manuscript received at the office of the Institute Jan. 30, 1939. 
* State Oil and Gas Supervisor, Jackson, Miss. 
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Development of Oil and Gas in Missouri in 1938 


By Frank C. GrEENE* 
(New York Meeting, February, 1939) 


Tue results of drilling in Missouri in 1938 are overshadowed by the 
leasing activity in northern Missouri, which began about the middle of 
the year. Nothing like it has ever been witnessed by the oil industry. 
With no production except a minor amount of gas, and with no drilling 
except in Clay, Platte and Marion Counties, a leasing campaign has 
embraced most of the counties north of the Missouri River and spread 
into southern Iowa, southeastern Nebraska and northeastern Kansas. 
It is reported that nearly all farms that could be leased without payment 
of a bonus have been leased, mostly on 10-yr. contracts, and at the end 
of the year a policy of bonus paying is in effect. Many of the major 
oil companies are leasing in the area and at least 15 of them are 
represented by scouts. Similarity to the Illinois Basin, low-priced 
leases and low drilling costs are among the reasons advanced for the 
leasing activity. 

Drilling activity in Missouri increased nearly two-thirds over 1937, 
with a total of 164 completions. The main activity was the extension 
of the ‘‘shoestring”’ of the so-called Bartlesville gas pool in Jackson 
County. It now seems that this sand is probably at the horizon of the 
Burbank sand. A new Squirrel sand oil pool was discovered in Jack- 
son County. 

Cass County had five oil wells, with 63 bbl. initial production, four 
gas wells with 542,000 cu. ft. initial open flow, and 15 dry holes. 

Jackson County had three oil wells, with 24 bbl. initial production, 
56 gas wells with 52,021,168 cu. ft. initial open flow and 57 dry holes. 

In Vernon County seven oil wells, with about 36 bbl. initial produc- 
tion, and two dry holes were completed. The oil production dropped 
off very quickly. 

In counties where wildcatting was carried on, new production was 
found. Clay County had seven dry holes, Hickory and Marion one 
each; Platte, four and St. Clair, two. 


Manuscript received at the office of the Institute Feb. 15, 1939. Published by 
permission of H. A. Buehler, State Geologist. 
‘* Geologist, Missouri Geological Survey, Rolla, Mo. 
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Oil and Gas Development in Montana during 1938 


By EvaceEens S. Prerry* 
(New York Meeting, February, 1939) 


THE most notable development in oil and gas operations in Montana 
during 1938 were extensions to the Kevin-Sunburst and Cut Bank fields. 
No new fields were discovered, although about 20 widely scattered wildcat 
wells were operated. Within or adjacent to proved fields about 100 
wells were drilled, resulting in 81 oil wells and 14 gas wells. In general, 
production activities were below those of 1937, largely because of market 
conditions. Markets for crude were improved late in the year by con- 
struction of refineries at Pocatello, Idaho, Spokane, Washington and 
Cut Bank; and also by price concessions. However, demand was much 


TABLE 1.—Ouzl and Gas Production in Montana 


Area Proved, Total Oil 
Acres Production, Bbl. 
Age, 
Field, County Roe 
of 1938 
5 é e To End During 
4 Dag eet VPs scan 1938 
=} 
v4 
o 
=| 
a eee Es an ee ee Ce ee = 
. Fallon, Dawson canis s cosaieaitesasica ameter at Oe 23 gas 
1 Baker-Glendive { Wilbauz, Prairi¢...........sc.cccsccecceeeeee { 3 oll z| 134,350 15,801' __ 3,363 
21) Border (Red Coulee), Poole siiwc asso w esse ccseis.s cess ticles sietsiac 8 300 0| Included with Kevin 
3 | Bowdain-Saco, Phillips Valley............secccevsccvecceecenes 16 0} 210,000 Gas only 
A.) Bower, Blaine ss deca spots codon eagiets« aangatne’s elelsia wate ath eisicre ye 12 0} 3,000 Gas only 
Bl Boxeldar, Hith-: occeGesd sien kite dale sinha Boaaite ah cone if 0} 1,000 as only 
6 | Cat Creek, Petroleum (Garfield). “PATE INS SAitetp eric 18 1,600 0} 18,743,877; 211,877 
711 Ont Bank, Glacter. tds «och as uteni ne sands Reem aka aae 9 | 38,000} 55,000) 18,123,000} 2,830,551 
8) Dry Crooks Canbony ce vecicikt on sits tineeete oaeuenolnactica eats 9 200} 1,800 1,201,374) 330,352 
QO) ik Basin, Carbon (Montconly)*.. ices hibit Orca ceees cheese 23 200 759,904 
YO} Hundtts, Big Bort’ curs faen ay han cavatiows oncner een oe 10 0| 5,000 Gas only ne 
Includes Border Field 
KGvin-sonoutsen LOGE. wieta achiewiseiaesian valance maiieuteiee 
11 | Kevin-Sunburst, 7'oo 4. 16 45,000) 50,000 { 34,728,531| 1,307,371 
12'} ake Basin Stinater. vseovnrcs ew concrete doivnrcuieknisetie eat hoy 11 300} 1,000 384,072 18,462 
13 | Pondera, Pondera, Teton,.........0.0scsescscvescccreecccccee, 10 | 4,500 0| 5,061,342 217 044 
14 | Sweetgrass Hills (Whitlash), Liberty, Toole...........000-0cee0ee 21 500} 8,000 48,234 9,417 


@ Footnotes to column heads and explanation of symbols are give: 240. 
1 Elk Basin field in Wyoming, 138 completions, 91 oil wells, eat es - 


Manuscript received at the office of the Institute March 27, 1939. 
* Head, Department of Geology, Montana School of Mines, Butte, Mont. 
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restricted, particularly for oil from the Kevin-Sunburst field, where at 
times it was as much as 50 per cent. Turner Valley oil (Canada) con- 
tinued to flood northern Montana markets. Total oil production in 
Montana for 1938 was 4,939,439 bbl. and total gas production was 18,- 
025,000,000 cubic feet. 

The extensions in the Kevin-Sunburst and Cut Bank fields were 
notable because they opened as proved or good prospective territory 
several thousand acres of land, and renewed interest in these two most 
important oil and gas fields of Montana. In the former field (Kevin- 
Sunburst) 31 wells with an average initial production of about 80 bbl. 
per day were completed 2 to 6 miles north and west of the town of Kevin, 
in an area long considered unimportant. Productive oil was found low 
on the western flank of the Sunburst dome, and apparently is controlled 
mainly by porosity within the leached and porous upper portion of the 
Madison (Mississippian) limestone. Acid treatment was responsible 
for most of the larger wells. Depth to limestone averaged 1600 ft., and 
Baumé gravity of oil is about 40°. Also significant in this general area 
is the finding of high-gravity oil in the Sunburst sand (Kootenai, Lower 
Cretaceous) which is about 300 ft. above the Madison, and which over 
about 95 per cent of the Kevin-Sunburst field yields only a dry gas. 


TaBLE 1.—(Continued) 


Total Gas Oil-production 
Production, Number of Oil and/or Gas Wells Methods at Pressure, Lb. per Sq. In.¢ 
Millions Cu. Ft. End of 1938 
During At End Number of 
1938 of 1938 Wells Average at End of 
edie | pert 
8 | To End uring | pleted to Tnitial 
2 | of 1938 | 1938 | Endof |g |B] » | w ie 
: . Bo a Wee aviea.| P|. e 1937 1938 
Z feu tess meee Be E a, 
g B/2/ 83 |Ba/2| 8 
RS o|/=|4& 7 ey Ay 
118 111 
1| 59,547 7,182 192 4 0 2 148 1 1 { 349 349 
2 y 0 35 | 0| 0 a1 ew) 22 y y 
3 4,820y 734y 56 2 0 0 43 217 y y 
4| 5,847 | 530 8 | Gas only 260 y y 
5 1,720 277 4 1 1 2 Gas only 430 y y 
6 0 0 330 0176 130 0} 0 130 
7| 47,991 7,714 480 | 36] 0 355 61) 6 349 710+ 600 575y 
8| 5,524y 800y 14 0] 0 8 6 8 1,600 y y 
\ 33 0 1 22 0 0 22 y y 
10 581 72 29 1 2 0 27 Gas only 137 y y 
gas 190 gas 175 
11] 34,000y | 2,398 2,401 AV Aly 16h 168 0 1,161 360 { oil<100 oil< 100 
he 
i 40 0} 4 3 ey 0 2 J y y 
5 Fad ane 185 0 159 2 0 159 200y y 
5 Col 275-330 
14| 4,822 766 32 | 0; 1 5); il; 0 { Koot 600 y y 
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These extensions open the possibility of other important extensions to 
this field in other directions. 

In the Cut Bank field 20 wells with an average initial production 
slightly over 100 bbl. per day were completed in the so-called South 
Cut Bank area (Big Bend pool), materially adding to already proved 
territory. Average depth is 2800 ft. However, of much importance 
was the completion of a well flowing 85 bbl. per day about 12 miles north 
of the proved area, and about midway between the Cut Bank and Border 
fields. Oil was found in a sandstone slightly higher than the main Cut 
Bank sandstone (Kootenai, Lower Cretaceous) which yields oil in the 
fields to the north and south. Discovery of oil in this well opens a wide 
scope of territory. 

Other oil and gas fields in Montana continued production without 
material change, and with but few completions, all in proved areas. 
Markets for the oil of the newly discovered deep eastern Montana field 
(Baker field) were unsteady. Attempts toward construction of a forty- 
million dollar, Government-financed gas pipe line to Minneapolis were 
not received with much enthusiasm by operators. 

No outstanding wildcats were drilled, although several areas of 


possible production were tested, some by major companies. Two unsuc- 
TABLE 1.—(Continued) 
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Oa aN i OO ee ta ene | el i le z a am 
Gas Judith River | CreU { 910 840 |SH] 15 70 
1 30 Oil Madison(?) | Mis 8,186 6,700 L ? 20+] A | Devonian 8,186 
2 37 ootenai CreL 2,520 2,500 8 14 12 | T | Kootenai 2,600 
3 Colorado CreU 800 700 | SH 25 D | Mississippian(?) | 3,180 
4 Eagle CreU 1,100 1,000 8 16+ 100. | AF | Madison 4,700 
5 Eagle CreU 1,300 1,200 NS] 16+ 100 A | Eagle ,300 
6 49 Kootenai CreL 1,465 1,425 8 15+ 40 | AF| Madison (Mis) | 4,124 
7 38 Kootenai CreL 2,850 2,830 8 13 12 | ML} Madison 3,160 
M 
{ Eagle. CreU 8 50 » 
8 50 Gas | Frontier CreU Hee 4,400 8 30-75 
Oil { Greybull CreL 5,750 5,650 | § 15 AF | Tensleep (Pen) | 6,887 
> i oni La Kota ne § 40 
rontier re 1,100 1,000 8 40 | AF} Cl ly (C 
10 Colorado CreU 745 725 |sH| ” 2 |T eae: = 1190 
Gas Kootenai CreL | f gas 1,220) 1,200 | SH! 10-15 20 
11 30 { Oil Madison MisL { oil 1,560} 1,550 L | 10-40 10 D | Pre-Cambrian 4,520 
Gas { Eagle 1,300 | 1,100 100 : 
12 43.6 . Frontier | CreU 3,070 2,900 | § { 40 
Oil Dakota CreL 3,930 3,800 8 x 30 | D | Dakota (CreL) | 4,100 
13 31.0 Madison MisL 020 2,000 L | 10-30 | 10-30 | N | Madison 2,500 
eA, f Colorado CreU § | 12-18 | 20-30 ; 
Kootenai CreL 1,600-2,365 8 14 25 


D | Madison 2,205 


_ 


EUGENE §. PERRY 363 


cessful tests were made in the “steep-dip” structures just east of the 


front ranges of the Rockies. These structures are similar to those in the 
Turner Valley field. 
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Fic. 1.—Knyin-Sunpurst, Cut BANK, AND OTHER OIL AND GAS FIELDS IN NORTHERN 
Montana. DiIAGRAMMATIC STRUCTURE CONTOURS DOTTED. 

The year 1939 promises improved markets, and perhaps 150 new wells 
to be drilled in or adjacent to proved fields, largely because of lease 
requirements but also because of the newly discovered extensions. No 
doubt wildecatting will proceed with utmost precaution, and widespread 
wildcatting is not expected. 


Oil and Gas Development in New Mexico in 1938 
By A, ANDREAS* 


New Mexico retained its position in 1938 as the sixth largest oil- 
producing state, with a total production of 35,510,176 bbl. This was 
2,875,598 bbl. less than the 1937 production of 38,485,774 bbl., or a 
decrease of 0.077 per cent, which was caused by the lack of pipe-line 
facilities and storage at the pipe-line terminals. 

The production for Lea County (excluding Maljamar) was 32,926,788 
bbl.; for Eddy County (including Maljamar) was 2,225,411 bbl.; and for 
northwestern New Mexico (San Juan and McKinley Counties), 357,977 
bbl. The average daily nonmarginal well allowable for Lea County on 
Jan. 1, 19388, was 65 bbl. At the close of the year it was 49 bbl. The 
average daily pipe-line runs for domestic consumption were less than 
the state allowables recommended by the United States Bureau of Mines. 
There was a demand for Artesia crude for foreign export, which if included 
in the daily production for New Mexico would be slightly in excess of the 
daily production recommended for New Mexico by the Bureau of Mines. 
The daily average production for the year was 97,329 barrels. 

There were 622 completions in the state, of which 520 were oil wells; 
16 hydrocarbon gas wells; 5 carbon dioxide gas wells, and 81 dry holes. 
Of the dry holes 38 were in or near-by proven fields and the remainder, 43, 
were wildcats. Five new fields were discovered in New Mexico during 
1938, three in Lea County and two in Eddy County. 


SOUTHEASTERN New Mexico 


Lea County.—The Monument field was the largest producing field in 
Lea County, with 9,440,334 bbl., and was closely followed by the Eunice 
field with 8,872,335 bbl. The Hobbs field was third with 5,010,414 bbl. 
The greatest activity in Lea County was in the Vacuum pool, with 129 
completions, of which 126 were oil wells and three were dry. holes. 

The Texas Company completed its Corbin No. 1 in the NW14 SW14 
sec. 10, T. 18 S., R. 33 E. in August. This well was drilled to a depth 
of 5118 ft. in a white sand, encountering salt water. It was plugged 
back to 4315 ft. and pumped 48 bbl. of 36° gravity oil in 12 hr. It was 
approximately 6 miles southwest of the closest production in the Vacuum 


Manuscript received at the office of the Institute Feb. 21, 1939. 
* State Geologist, member of New Mexico Oil Conservation Commission, Santa Fe, 
New Mexico. 
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pool and undoubtedly is a separate structure or producing area. The well 


has not produced any oil because of the lack of pipe-line facilities. 


TaBLE 1.—Oil and Gas Production in New Mexico in 1938 
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@ Footnotes to column head 
122 pumping, 21 gas lift. 

21 pumping, 10 gas lift. 

3 12 pumping, 24 gas lift. 


ift. 


58 pumping, 4 gas lift. 
61 pumping, 1 gas lift. 


73 pumping, 1 gas lift. 


is and explanation of symbols are given on page 240. 
410 pumping, 5 gas | 


811 pumping, 7 gas lift. 


96 pumping, 1 gas lift. 
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GAS AND OIL DEVELOPMENT IN NEW MEXICO IN 1938 


The Westmount Oil Co. completed its State No. 1 in December as a 
gas well in the NW14 NE sec. 12, T. 178., R. 36 E. Because of the 
lack of time and the closeness of the expiration date of the lease, which 
had to be validated by a commercial well, it was completed as a gas well 
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at a depth of 3986 ft. The initial production was approximately 414 
million cubic feet. This gas well is approximately 7 miles northeast of the 
closest production in the Vacuum pool and undoubtedly is a new pro- 
ducing area. 

The Wilson-State No. 1 in NE}4 sec. 7, T. 21 S., R. 35 E. was com- 
pleted Oct. 10, 1938, estimated to be a 500-bbl. well. The total depth 
was 3813 ft., with the top of the pay horizon encountered at 3788 ft. 
The producing horizon is the San Andres formation of the Permian. 
This well was drilled approximately 114 miles northeast from the Empire- 
State-B No. 1 in NW} sec. 8, T. 218S., R. 35 E., which was completed 
on July 27, 1929, at a depth of 3836 ft., and which produced approxi- 
mately 16,500 bbl. before being abandoned in 1934. 

Eddy County.—Two new producing areas were discovered during the 
year in Eddy County; the first when the Shugart Coulthard No. 1 in 


TABLE 2.—Summary of Drilling Operations in New Mexico in 1938 
SurFrace Formation, Tertiary; Derpest Horizon Tustrep, PERMIAN 


Important Wildcats Drilled in 1938 


Location Initial Production per Day 
——____________| Total : 
County I eas Drilled by Gas 
Sec. Twp. Rge. s Oil, U. 8. Bbl. | Millions 
Cu. Ft. 
9 158 29E 3680 | English & Harmon 1 
1 4§ 29E 3686 | Grastorff & Caudill 1 
15 158 30 E 3982 | Interstate Minerals 1 
13 2N 31E 3258 | Bond & Harrison 1 
35 188 31E 4088 | Shugart et al. 422 
PB 3920 
15 258 28 E 3300 | W. A. Snyder 1 
31 198 27E 1180 | M. Yates, Jr. 302 
PB 960 
35 188 30 E 3407 | Yates & Dooley 1 
22 14N 33 E 4445 | Rip C. Underwood 1 
31 208 39 E 4355 | Continental 1 
29 168 387 E 5303 | Continental 1 
29 268 38 E 3707 | Dalport Oil Corp. 1 
1 208 38 E 4757 | Eastland Oil Co. 1 
29 258 38 E 3735 | Leonard et al. 1 
20 228 33 E 5038 | Mascho et al. 1 
22 108 37 EH 5077 | Rowan & Nichols 1 
33 18S 36 E 5289 | Shell 1 
10 188 33 E 5118 | Texas 50? 
PB 4319 
34 188 33 E 4295 | Texas 1 
23 128 36 E 5294 | Tidewater 1 
17 218 32 E 4608 | Todd, et al. 1 
5 238 38 E 4500 | Weiner, et al. 1 
12 178 36 E 3986 | Westmount Oil Co. 1 4.46 
uf 218 35 E 3813 | F.C. Wilson 5002 
34 2258 13 E 3945 | Fred Turner, Jr. 1 


In Proven Fields | Wildcats 


Number of wells drilling Dec,.31, 1988... ...... 2.00... 00 sschsetens esas 129 33 
Number of oil wells completed during 1938....................2...000 ees 516 4 
Number of gas wells completed during 1938...................-....0505. 6 2 


Number of dry holes completed during 1938.................0.eeeeeeeees 


1 Dry and abandoned. 
? Pumping. 
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sec. 35, T. 188., R. 31 E. was completed in May. ‘This well was drilled 
to 4088 ft. and plugged back to 3920 ft. It was completed as a 42-bbl. 
pumper in the Capitan sand of Permian age. It is approximately 9 miles 
south of the Artesia-Grayburg-Jackson-Maljamar area. Since the com- 
pletion of this discovery well, five other wells have been drilled to the 
same producing horizon. 

The second new producing area was discovered by the completion 
of the Yates-Bowers No. 1 in sec. 31, T. 19 8., R. 27 E. late in December 
as a 30-bbl. pumper at a depth of 1180 ft. The producing horizon is in 
the Capitan formation of Permian age. The area is approximately 
eight miles southwest of the old Artesia field. 


NORTHWESTERN New Mexico 


Drilling in the northwestern part of New Mexico was confined chiefly 
to the Rattlesnake area, San Juan County. A number of dry holes were 
drilled in the Farmington district. In McKinley County development 
was on the Hospah dome, where commercial production was encountered 
in August 1927 by the Midwest Oil Co. The area is now being developed 
by the Petroleum Products Corporation. Two commercial oil wells were 
drilled on this structure in 1938, with an average initial production of 
200 bbl. of low-sulphur oil of 30°. The producing horizon is the Hospah 
sand in the Upper Cretaceous. The producing horizon in the area is 
encountered around 1600 feet. 


NORTHEASTERN NEw Mexico 


In the Bueyeros field, northeastern New Mexico, in Harding County, 
four carbon dioxide gas wells were completed. In the extreme south- 
eastern part of the county three wells were drilled, all of which were dry 
holes. Two were completed at shallow depths and the third, drilled in 
SW14 sec. 22, T. 14 N., R. 33 E., first encountered arkose at a depth of 
2800 ft., with sand, shale and limestone to 3540, where arkose was again 
encountered. It was reported that true granite was encountered around 
4200 ft. The total depth of this well was 4445 feet. 
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Oil and Gas Developments in New York for 1938 


By D. H. Newuanp,* Memper A.I.M.E., anp C. A. Hartnacert 
(New York Meeting, February, 1939) 


Tue market for Pennsylvania grade showed a drop both in demand 
and in prices, which reacted unfavorably on New York oil production, 
all of which comes under that classification. The output for the year in 
New York amounted to 5,045,200 bbl. The production in 1937 was 
5,478,000 bbl., the largest in any year for the last half century or more. 

Falling prices, of course, affected new drilling. They declined from 
$2.20 a barrel, which was posted at the start, to $1.68 in the final months 
of 1938. With this came a reduction in the amount of oil that would 
be accepted by the refineries operating in the New York fields. Condi- 
tions therefore have combined to halt, at least temporarily, the growth 
of oil production in the state, which had experienced a steady gain for 
the last 15 years or more, the yield having risen from less than 1,000,000 
bbl. to the round total of 5,500,000 bbl. in 1937. 

Practically all the oil now obtained is from old, developed fields. 
No new pools have been found in the last quarter of a century or more. 
The larger share comes from flooding the sands. Although there are 
many wells that still produce without the aid of the water drive, they 
are small and for the most part are pumped periodically. Of late, new 
drilling has been restricted mainly to that required to maintain existing 
flood projects. Because of the high initial cost and time required to 
put a flood into production, the depressed condition of the market has 
been a serious handicap financially, and, further, has been an unfavorable 
influence on the planning of operations to secure the maximum recovery 
of the oil. Unless market conditions improve, it is certain that the 
effects will be shown in the yield for some time to come. 


Gas DEVELOPMENTS 


Drilling was active in the southwestern area, chiefly in Allegany and 
Steuben Counties, and some notable wells were brought in that tapped 
the Oriskany sandstone. Altogether 42 holes were put down in the two 
counties, of which 31 were listed as producers and 11 were dry. The 
new wells gave an initial daily flow of 239,000 M cu. ft. At the close of 
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the year there were 15 wells drilling in the two counties. Attempts to 
extend the productive area of the Oriskany sandstone to the east into 
Chemung County, along the Pennsylvania border, proved unsuccessful. 

Allegany County.—One of the outstanding developments was the 
discovery last March of the Beech Hill pool, in the town of Willing, about 
4 miles northeast of the State Line field. The new pool, like the State 
Line and the Greenwood gas fields, is on the Watkins (Smethport) anti- 
cline. The indications are that the field is not large, for 4 of the 11 wells 
drilled during the year produced only salt water. The combined daily 
initial capacity of the 7 producers thus far drilled in the field was 79,250 
M cu. ft. Details of the wells are given in Table 1. 


TaBLE 1.—Wells Drilled in 1938 in Beech Hill Field 


Eleva- | Depth to Flow, M_ | Rock Pressure 
Name of Well Reported Operator] tion, Ft. Sega Cu. Ft. Lb. per Sa. In. 


Johnson Estate........| Southwestern | 2,015 4,741 | Salt water 


Development 
Co. 
F. Hilligas No. 1...... Belmont 2,148 | 4,822 11,000 1,970 
D. Clark No. 1........| Empire Gas &| 2,204 4,873 19,000 1,970 
Fuel Co. 
Riley Bros............| Becker 2,206 4,903 | Salt water 
F, Wilson No. 1....... Empire Gas &]| 2,218 4,904 3,250 1,950 
Fuel Co. 
C. Wilson.............| Penn-York 2,200 4,900 1,700 
With salt | Abandoned 
water 
F. Hilligas No. 2...... Belmont.-..... 2,231 4,924 11,000 1,905 
G, Lampe:........4.-.| Belmont 2,229 4,935 25,000 Blew wild 
several days 
Wm. Shear No. 1......}/ Cunningham 2,138 4,843 3,500 1,845 
D. Clark No. 2........] Empire Gas & | 2,164 4,858 6,500 1,720 
Fuel Co. 
B. Fortner Estate...... Cunningham 2,268 4,997 | Salt water 


In the State Line field three wells, all producers, were completed, 
having a combined initial daily capacity of 42,650 M cu. ft.; two in the 
town of Alma and the third in Willing, on the J. O’Hara farm, at an 
elevation of 1969 ft. The Oriskany was reached at a depth of 4727 ft. 
The daily initial capacity was 6150 M cu. ft. with a rock pressure of 
1525 lb. The D. Mulvey well in Alma was drilled at an elevation of 
2084 ft. The Oriskany was reached at a depth of 4746 ft. The initial 
flow was 18,500 M cu. ft. with a rock pressure of 860 lb. The Empire- 
Rogers well, also in the town of Alma, was started at an elevation of 
2189 ft., reaching the Oriskany at a depth of 4906 ft. The well had an 
initial flow of 18,000 M cu. ft. and a rock pressure of 600 pounds. 


ee 
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In the town of Independence, between the Beech Hill and the Green- 
wood gas fields, two wells were drilled. One of these, the A. H. Billings, 
was started at an elevation of 2200 ft. and reached the Oriskany at a 
depth of 4915 ft. A flow of 150 M cu. ft. was found 3 ft. below the top 
of the Oriskany, but this was soon drowned out by salt water and the 
well was abandoned. The EH. Livermore well, about 2 miles northeast of 
the Billings well, was started at an elevation of 2039 ft. Three feet 
below the top of the Oriskany, which was reached at 4751 ft., a flow 
of 13,000 M cu. ft. of gas was struck with a rock pressure of 1985 lb. 
At this depth salt water entered the well in such quantities that it 
was abandoned. 

Steuben County.—In the Woodhull field 18 producers and two dry 
holes were drilled. The average initial daily capacity of the wells was 
6341 M cu. ft. as compared with an average of 16,600 M cu. ft. for 20 
consecutive wells drilled in the field during 1937. Withdrawals of gas 
from the field have been large, resulting in notable decreases in volumes 
and rock pressures during the year. The shooting of several wells in 
the northeast section of the field, where the sand is tight, has been suc- 
cessful in greatly increasing the flow of gas. At the end of 1938 six 
wells were in progress of drilling. Details of the wells are given in 
Table 2. 


TABLE 2.—Drilling Operations in the Woodhull Gas Field in 1938 


Eleva- Depth to Flow, M pose 
Name of Well Reported Operator tion, Ft. be nt Canat b, per 
$ Sq. In. 
He G: Husted... ... Sylvania 1,882 4,174 | 10,800 | 1,520 
Peverill N. Y. State N. G. 1,805 4,209 | 10,500 | 1,760 
HG. dusted: ...... Southwestern Dev. Co. | 1,518 3,828 | 18,500 | 1,640 
M. Hargraves......| Clancy et al. 1,643 3,971 16,500 | 1,315 
John Allen.........| Belmont Q. D. 1,809 | 4,159 9,000 | 1,280 
Della Lampson..... Williamsport Oil & Gas} 1,311 3,793 9,000 | 1,320 
Co. 
John Allen.7?...... Sylvania 1,773 4,107 9,500 | 1,370 
Wheatcraft (Bates).| N. Y. State N. G. 1,445 3,880 4,200 | 1,620 
Park Estate No. 1..| N. Y. State N. G. 1,378 3,835 1,270 
i diand NO. 2.5.23 Sylvania 1,651 3,901 4,700 795 
C. Groves No. 2....| G. L. Cabot 1,879 | 4,141 550 675 
Neva Husted....... G. L. Cabot 1,598 3,924 1,400 | 1,110 
McK. Husted...... New Penn. Dev. Co. 1,805 4,046 3,840 
Coral Cook. 2.57... G. L. Cabot 1,954 | 4,421 Dry 
M. E. Woodard..../ Hanley & Bird 1,236 3,715 3,046 | 1,305 
Don Gibson........| G. L. Cabot 1,162 8,602 1,300 
Chas. Crane No. 1..| G. L. Cabot 1,245 3,741 540 | 1,190 
G. Hotaling No. 1. .| G. L. Cabot 1,281 3,762 2,000 600 
- Park Estate No. 2..| N. Y. State N. G. 11sleie3.632 |. Dry 
Chas. Crane No. 2..| G. L. Cabot 1,767 4,160 7,500} 1,020 


———— eee, —0—0—€0 
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In Troupsburg township three wells were completed during the year, 
two of which, the A. Schaul and the S. Hammond, may be regarded as 
“‘step-out’”’ wells of the Harrison field of Pennsylvania, as both are less 
than one mile from the state line. The Schaul well, completed early in 
January, was started at an elevation of 2058 ft. The top of the Oriskany 
was reached at a depth of 5010 ft. An initial daily flow of 796 M cu. ft. 
of gas with a rock pressure of 1935 lb. was found 9 ft. below the top of 
the Oriskany. The well was then deepened to 5026 ft., which increased 
the daily flow of gas to 2200 M cu. ft. The Sarah Hammond well is 
nearly 3 miles east of the Schaul well. The top of the well is at elevation 
of 2059 ft. and the Oriskany sandstone was reached at a depth of 5036 ft. 
A daily flow of 124 M cu. ft. was found at 5045 ft. The well was drilled 
to the base of the Oriskany sandstone at 5059 ft. and shot, after which the 
daily flow was increased to 200 M cubic feet. 

The Franklin Miller well, also in Troupsburg, is 3 miles north of the 
Pennsylvania state line and close to the Woodhull town line. It was com- 
pleted in January 1938 and had an initial daily capacity of 10,500 M cu. 
ft. of gas. This well extends the Woodhull field into the town of Troups- 
burg. Additional details of this well are given in Table 2. 

In the town of Addison, 6 miles northeast of the Woodhull field, one 
well was completed on the D. Hovey farm. The top of the well is at an 
elevation of 1479 ft. and the top of the Oriskany at 3932 ft. The base 
of the Oriskany is logged at 3947 ft. with another sand streak at 3950 ft. 
The well reached a total depth of 4016 ft., but the Oriskany, which had a 
show of salt water, failed to produce any gas. In this well shallow gas 
was found at a depth of 1042 ft. (300 M) and at 1240 ft. (500 M). 

Only one well was drilled during the year in the Greenwood gas field. 
This well is on the Caffery farm, 1 mile southwest of the nearest producing 
well. Starting from an elevation of 2072 ft., the Oriskany was reached 
at a depth of 4586 ft. On account of a large flow of salt water the well 
was abandoned at a depth of 4593 ft. At present two wells are being 
drilled in the Greenwood gas field. 

In the town of West Union, 10 miles south of the Greenwood field, 
two Oriskany wells were completed during the year. One of these, the 
C. D. Carr well, is in the southeast corner of the town, less than 14 mile 
from the Pennsylvania state line. The well was started at an elevation 
of 2209 ft., and reached the top of the Oriskany sandstone at a depth of 
5155 ft. It had an initial flow of 521 M cu. ft., which was increased to 
850 M cu. ft. after the well was shot. The initial rock pressure was 1620 
Ib. In this well the Oriskany sandstone showed a thickness of 37 ft., 
the total depth of the well being 5198 ft. The Elmer Downey well is 
nearly 3 miles west of the Carr well and less than 300 ft. from the state 
line. The well was begun at an elevation of 2270 ft. and the top of the 
Oriskany sandstone was reached at a depth of 5317 ft. Salt water was 
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found in the Oriskany sandstone and the well was abandoned at a depth 
of 5327 ft. 

Chemung County.—Two wells to test the Oriskany sandstone were 
drilled during the year. Thus far no successful tests of the Oriskany 
have been made in Chemung County, which lies east of the gas fields of 
Steuben County. The S. H. English well was drilled in the town of 
Van Etten within 44 mile of the Tioga County line. Drilled on the 
Van Etten anticline, the well was started at an elevation of 1284 ft. and 
the top of the Oriskany was found at a depth of 3222 ft. The sand, 
70 ft. thick, was tight and dry, with no salt water in the Oriskany, 
although a considerable amount was found in a higher formation at a 
depth of 1010 ft. The total depth of the well was 3362 ft. The E. A. 
Treat well, in the town of Erin, is about 9 miles west-northwest of the 
English well. It was started at an elevation of 1663 ft. and the top of 
the Oriskany sandstone was found at a depth of 3431 ft. Salt water 
entered the well 24 ft. below the top of the Oriskany and drilling opera- 
tions were suspended at a depth of 3447 ft., apparently before the full 
thickness of the Oriskany sandstone had been drilled. Of the seven 
tests to the Oriskany sandstone in Chemung County, none have pro- 
duced any gas. The Treat well was the only one to produce salt water, 
and it is, in fact, the only one to give evidence of appreciable porosity 
for the Oriskany sandstone in Chemung County. 

Cayuga County.—One deep well to test the lower Paleozoic formations 
was completed by the Midas Gas Corporation in the town of Conquest. 
The well is on the H. Slayton farm, near a well drilled in 1934, which 
yielded a considerable flow of gas at a depth of only 430 ft. Since no 
shallow gas was found in the second well, it was deepened to a total 
depth of 3863 ft. The top of the well is at an elevation of 475 ft. and 
was started on the Salina (Silurian) shales. The Lockport, or Niagara, 
dolomite was reached at a depth of 387 ft. and the top of the Medina 
sandstone at 800 ft. The Little Falls (Cambrian) dolomite was found 
at a depth of 3530 ft. and the top of the Potsdam sandstone at 3602 ft. 
The well was continued in the Potsdam for a distance of 261 ft. Only 
small flows of gas were obtained in the Ordovician formations. Some 
salt water was found in the Little Falls dolomite at a depth of 3560 ft. 
At 240 ft. below the top of the Potsdam sandstone, a large flow of salt 
water entered the well and rose to a height of 3000 ft. Efforts have been 
made to shut off the salt water and continue the well to the pre-Cambrian 
rocks, but as yet without success. 

Oneida County.—Operations in Oneida County, where gas is obtained 
from the Trenton limestone, were limited to the drilling of one well in 
the Camden gas field. The well is on Comins property and was started 
at an elevation of 498 ft. The top of the Trenton was reached at 850 ft. 
and the well was completed in the Trenton at a depth of 1394 ft. Flows 
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of gas were found at several horizons in the Trenton, and when the well 
was closed in it showed a rock pressure of 380 1b. The initial flows and 
rock pressures of the Trenton wells are rarely indicative of the total 
volume of gas that may be obtained from a well. Pockets of gas fre- 
quently have high pressures but the volume is small. When the gas is 
derived from several horizons in the limestone, the well may produce for 
a period of 20 yr. or more. The annual flow, however, is not large. 


Oil and Gas Development in Ohio for 1938 


By Dewitt T. Rine,* Mremper A. I. M. BE. 
(New York Meeting, February, 1939) 


Lack of reliable detailed production figures for earlier years, together 
with the loose nomenclature in reference to producing horizons and the 
application of the term ‘‘field’’ without any definite meaning or restric- 
tion, has made it impossible to gather statistical data suitable for the 
Institute’s form. 

In common with all other producing areas in the United States, Ohio 
has felt severely the economic ills of the entire industry during the past 
year. With overproduction, not only of crude but also of refined prod- 
ucts, going on throughout the country, the price structure as a direct 
consequence has weakened on Ohio oils. Valuable crude is being sold 
at a big loss today because producers are willing to, and do, sell more 
than the market can absorb. The axe hangs heavy over the heads of 
Ohio producers, and will until something constructive is done to keep 
supply in proportion to demand. This not only applies to Ohio but to 
the entire industry. 

Production of Pennsylvania grade in Ohio was under 50 per cent 
proration, which has been in effect since Oct. 1, 1987. Three price cuts 
since February have lowered the posted price from $1.70 to $1.18, a 
30 per cent reduction; other grades were less drastically reduced. Pipe- 
line storage facilities were limited; many producers were faced with the 
problem of providing their own storage or the risk of ruining their wells. 
If they wanted to pull and abandon wells, there was no market for junk 
equipment. Many employees have been cut to half time and in a num- 
ber of instances their services entirely dispensed with. 


SUMMARY OF PRODUCTION AND DRILLING 


Both oil and gas production in the state during 1938 showed a definite 
decline over the previous year. (A table showing production by years 
from 1876 through 1937 was published in Vol. 127 of the Transactions.) 
The total production of crude oil in the state for 1938 was 3,357,914 bbl., 
as compared with 3,654,000 bbl. in 1937, a decrease of 7.1 per cent. At 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Geologist, The Ohio Fuel Gas Co., Columbus, Ohio; Consulting Csologes, The 


- Columbia Oil & Gasoline Corporation. 
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the close of the year, as nearly as could be determined, there were 26,880 
oil wells within the state, with an average yearly production of 125 bbl. 
per well—approximately 44 bbl. per day. Production by grades, for 
1938, was as follows: Pennsylvania, 1,152,823 bbl.; Corning, 1,442,407 
bbl.; Lima, 667,700 bbl.; Lodi, 82,680 bbl.; Cleveland, 12,304 bbl., 
making a grand total of 3,357,914 bbl. Prices are given in Table 1. 


TaBLE 1.—Prices for Crude Oil in Ohio during the Year 1938 


Price Price 
Date Grade si Date Grade 5 

Jan. 1—Mar: 7...... Pennsylvania |$1.70] Jan. 1—June 27........ Lodi $1.25 
Mar. 7—June 18... .| Pennsylvania | 1.55] June 27-Sept. 20...... Lodi 1.15 
June 18-Sept. 1....| Pennsylvania | 1.30] Sept. 20—-Oct. 13...... Lodi 1.05 
Sept. 1—Dec. 31....| Pennsylvania | 1.18] Oct. 13—Dec. 31....... Lodi 0.95 
Jan, 1—June 16..... Corning 1.27] Jan. 1—June 27....... Cleveland | 1.30 
June 16-Sept. 3... .] Corning 1.17] June 27-Sept. 20...... Cleveland | 1.20 
Sept. 8-Oct. 18..... Corning 1-07] Sept. 20-Oct. 13...... Cleveland | 1.10 
Oct. 18—Dec. 31... .} Corning 0.97] Oct. 18—Dece. 31....... Cleveland | 1.00 
Jan. 1=Oct. 13. 4... Lima 1.00 
Oct. 13—Dec. 31... .| Lima 0.90 


There were 189 oil wells completed during the year with a combined 
initial production of 4268 bbl., or 22.6 bbl. per well; this is 40 per cent 
less than the number of oil wells in 1937, also approximately the same 
percentage as the loss in total initial production.* Preliminary figures 
indicate that about 2025 oil wells were abandoned during the year, which 
compares closely with 1937. Over 900 wells were abandoned in the 
Lima field. The average production per well per day in that field was 
0.19 bbl. The market price has been reduced to 90¢ per barrel. The 
field has about reached its economic limit of production based on the 
present price structure. More than a thousand wells were abandoned 
in the coal-bearing townships of eastern and southeastern Ohio. 

During the year 433 gas wells were completed with a combined initial 
open flow of 198,970 M cu. ft. or 459 cu. ft. per well, a decline of 10 per 
cent in total open flow. Not included in the foregoing is 9186 cu. ft. of 
gas from old wells drilled deeper and casinghead gas wells, making a 
total of 208,156 M. cu. ft. for all new gas. The number of gas wells 
drilled in 1938 was 13.8 per cent less than in the preceding year. 

There were 910 completions during the year; that is, 361 fewer than 
in 1937, or a decrease of 28.4 per cent. Included in the total completions 
were 288 dry holes, 163 less than in 1937, or a decrease of 36.1 per cent. 
The dry-hole percentage for the state was 31.6 per cent. 


*The wells in Pennsylvania grade territory were completed as natural wells. 
After 50 per cent proration has been lifted, these wells will be “shot.” 


————— 
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New DEVELOPMENT 


Few outstanding discoveries were made during the year; in most 
instances, they were extensions to present producing areas. Tables 
2 and 3 present the completions according to sands and the initial volumes. 


TaBLE 2.—Summary of Holes Drilled in Ohio in 1938¢ 


Thousands | Number | Percent- | Number | Percent- | Number | Percent- 
Sand of Feet of Gas age of of Oil age of of Dry age of | Total 
Drilled Wells Total Wells Total Holes Total 

Pnallow...... «: 248 106 42.4 58 21.2 86 34.4 | 250 
TCA TAL ci . 373 150 47.5 63 19.9 103 32.6 | 316 
DPBALOMS. sosit eas 17 16 76.2 1 4.8 4 19.0 21 
| RIOTS ee a 13 13 100.0 0 0 0 0 13 
Austinburg..... 6 2 66.6 0 0 1 33.3 3 
Driskany..........°. 23 0 0 4 80.0 1 20.0 5 
Newburg....... 14 5 83.3 1 ion A 0 0 6 
(Hii 0) ee 862 134 51.2 55 21.0 73 27.9 | 262 
Pirenton...<c.... . 36 7 29.2 5 20.8 12 50.0 | 24 
Sub-Trenton.... 20 0 0 2 20.0 8 80.0 10 
WR lee a a 1,612 433 47.5 189 20.8 288 Sheva 910 


«Exclusive of deepening operations. 


TaBLE 3.—IJnitial Volumes of Wells Drilled in Ohio in 1988 


Total Initial Volume Average Initial Volume 
Sand 

M Cu. Ft. Barrels M Cu. Ft. Barrels 
SMC O rege Se oes Seep ee eeeer et rE ies 29,127 711 270 12 
JOYS) eh gs 5 Di cect ve ea ee 21,160 681 141 11 
SE egI hers cer a gE Cars ENCE eee te 1,217 1 76 1 
Ee es les ee 3,497 0 27 0 
PATIRUUELNOTO eens, am scat stb os Bae 185 0 92 0 
COTE UREN IN OR mee cre cts pant ae ee ir 0 16 0 4 
BN WUT Ogee Recital sings se aus 5,272 3 1,054 3 
yicnte tt 4 aro 138,304 | 2,204 1,032 40 
BERG UDO I sn haarntneetiy res a ate vireo 208 152 30 30 
Bia renbON ss te egos bs ure 0 105 0 53 
BIRea te feeneebe tay po 25" haPlct vse der. (sgtreseseiee te £8 198,970 4,268 124 23 


DEVELOPMENT 


Oriskany Sand.—Further prospecting of the Oriskany sand in Ohio 
has assumed more importance during recent years. It is the reservoir 
rock of recently discovered gas fields of central New York, West Virginia 
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(Kanawha County), northern Pennsylvania and the Cambridge gas 
field in Ohio (1928). 

In Ohio, the Oriskany formation has been found only in wells drilled 
in the eastern part of the state. Its geographic distribution is erratic 
and the formation is absent in large areas. The thickness varies from 
1 to 75 ft., but is commonly 10 to 30 ft. In Ohio, the material is a fine- 
grained sand, loosely cemented with calcareous bond. It has been called 
the Austinburg, Guernsey County Lime sand, Cambridge Corniferous 
Lime sand, Niagara Lime sand, Lime sand, Sylvanian sandstone and 
Hillsboro sandstone in Ohio, and in West Virginia the Ridgely sand- 
stone. Geologically, it lies at the base of the Corniferous or Columbus 
limestone and occurs from 50 to 240 ft. below the top of the Big Lime 
series of Ohio. This formation has been encountered by the drill at 


TaBLe 4.—‘‘Green-sand”’ Development in 1938 in Ohio 


Production 
Farm Name and Number Operating Company Sec.| Township | County 
Oil Dry 

A. M. Clouse No. 2..... A. J. West Clinton Seneca 24¢ bbl. per day 
A. M. Clouse No. 3..... A. J. West Clinton Seneca x 
Me -BaCrum iNow les. Sun Oil Co. Clinton Seneca 80 bbl. initial 

12 bbl. Dec. 31 
F. J. Miller No. 1.......] Sun Oil Co. Clinton Seneca x 
DAA GISIAIN Ooml« tare’ siete Sun Oil Co. Clinton Seneca x 
M. Hammer No. 1...... Wicklund Development Jackson Seneca x 
Heimhofer No. 1........| Sun Oil Co. Allen Hancock x 
Williams No. 5......... Norton-Stewart Co. Blanchard | Putnam x 
Peterson No, 1.......... Mid-West Development Miami Greene 46 bbl. A.S. 


Show gas 


1950 ft. in the Austinburg pool of Ashtabula County; at 3400 ft. in the 
Cambridge field of Guernsey County; at 4450 ft. in Madison township, 
Columbiana County; at 5200 ft. near Steubenville, Jefferson County; 
and at 5670 ft. in southeastern Washington County. 

During the early part of 1938, Tyree et al., sec. 16, Sutton township, 
Meigs County, Ohio, encountered less than 8 in. of Oriskany with a slight 
show of gas at a depth of 3814 ft. At the close of the year, the Columbian 
Carbon Co. was drilling an Oriskany test on the George D. Miller farm, 
sec. 23, German township, Harrison County. This prospect is supposed 
to be on a geophysical ‘‘high”. Another test by the same company is 
being drilled on the Ella Hammat, Grant district, Pleasants County, 
West Virginia. It is a short distance south of the Ohio River on the 
Burning Springs anticline; the results obtained will have a direct bearing 
on future prospecting of Oriskany sand in Washington County, Ohio. 
In Washington township, Tuscarawas County, one Oriskany test with 
a show of gas was abandoned at a depth of 3733 feet. 


a 
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Newburg Sand.—In Mayfield township, Cuyahoga County, two gas 
wells were completed at a depth of 2860 ft., in the “Newburg sand,” a 
dolomitic phase of the lower Niagaran, with open-flow capacities of 
approximately 300,000 cu. ft., and rock pressures of 1120 lb. After 
being treated with acid, the open flows were increased to 2,214,000 and 
1,309,000 cu. ft., respectively. In Newburg township, Cuyahoga County. 
one Newburg well, which showed oil between 2572 and 2588 ft., was 
rated at 3 bbl. after being treated with 1000 gal. of acid. 


TaBLe 5.—Summary of Wells Completed in 1938, Central and 
Southeastern Ohio Fields 


Num- | Produc- | Num-| Num- Num- | Produc- - = 

Sage see ber of| tion of | ber of [ber of] County yom! ber of | tion of barf bal 

pletions | Wells | Bb. | Wells | Holes pletions | weils| BbI. | Wells |Holes 
Ashland.......... 25 2 16 19 4 || Mahoning....... 1 0 0 0 1 
Ashtabula........ 5 0 0 3 2 || Medina......... 30 11 264 3 16 
PACHONS Sf .c dae 76 7 81 41 28) i Meigs\...o.2 060. 41 0 0 24 17 
Belmont 13 1 4 7 5 || Monroe 33 7 118 15 11 
Carroll oe ccan. 11 4 28 0 7 || Morgan...:... 20 3 6 10 7 
Columbiana...... 10 2 6 2 6 | Muskingum..... 21 6 121 9 6 
Coshocton........ 14 3 141 4 74 Nobleswepvecin to? 28 1 60 22 5 
Cuyahoga........ ts 1 50 5 atPetry.seoeera necks 27 10 61 10 7 
Delaware......... 1 0 0 0 1 | Richland........ 3 0 0 1 2 
Lit le ae 14 0 0 10 AU RORS Sere or ree 1 0 0 0 1 
MSAD ree redts. ca 4 0 0 2 Dia SOlObO ae ae ahve 2 0 0 1 1 
Guernsey......... 56 1 5 35 20 ialiStarkes.ocen en 29 0 0 24 5 
Harrison......... 5 0 0 0 5 | Summit.. 10 0 0 a 3 
locking’... 2 .5.0< 2 1 5. 1 0 | Trumbull 1 0 0 0 1 
Molmes........5.. 6 0 0 2 4 | Tuscarawas..... 21 0 0 15 6 
PeerONes s,s. ees 11 At 1 9 1 | Vinton.. : 6 0 0 5 1 
Jackson.......... 1 0 0 1 0 || Washington..... 123 39 246 44 40 
Jefferson......... 16 6 6 5 DAN Waynes ie. wc 20. 7 0 0 4 3 
8th) Seat eee 57 19 1,028 28 10 emo _———— ee 

Lawrence......... 8 0 0 8 0. | Total 1938...... 876 178) 3,999 423 275 

Wicking acc...020. 101 52 1,682 32 17 (|| Total 19387... «+. 1,170 | 272 5,882 486 412 
WOTAIN oes : 29 1 70 15 13 ——— |__| ——— 

Difference....... — 294 |— 94 | —1,883 |— 63 |—137 

Percentage differ- 

ONCOL? ese eias)s Zoos 32.0} 32.0 33.2] 13.0 


Clinton Sand, Tuscarawas County.—In Franklin township, three 
Clinton gas wells and two dry holes were completed. The average depth 
was 4566 ft. and the rock pressures were greater than 1200 lb. Open 
flows ranged from 28,000 to 586,000 cu. ft. Two gas wells and one dry 
hole were completed in Sandy township. The average depth was 4822 
ft., the rock pressure averaged 1300 Ib. and the initial open flows were 
1,300,000 and 1,770,000 cu. ft. Hight Clinton gas wells were completed 
in Lawrence township with open-flow capacities ranging from 60,000 to 
8,283,000 cu. ft. and initial rock pressures from 1260 to 1350 lb. The 
average depth of the wells was 4660 ft. One Clinton gas well was com- 
pleted in Dover township with a total depth of 4855 ft. and an initial 
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rock pressure of 1390 lb. The initial open flow was 2,400,000 cu. ft. 
In Jefferson township, one Clinton gas well was completed at a total 
depth of 4922 ft. The initial rock pressure was 1380 lb. and the initial 
open flow 967,000 cubic feet. 

Sub-Trenton.—Considerable attention has been directed to explora- 
tion of the so-called ‘‘green sand”’ in the northwestern part of the state. 
In March 1938, A. J. West et al. completed the A. M. Clouse No. 2 in 
the southwest quarter of the northwest quarter of sec. 7, Clinton town- 
ship, Seneca County. The total depth was 2059 ft.; the drilling samples 


TABLE 6.—Wells in Lima Fields 


Number | Number | Produc- | Number | Number 

County of Com- | of Oil tion of of Gas of Dry 

pletions Wells | Oil, Bbl.| Wells Holes 

Greene che ve. Oe DOP ee eee ee 1 1 2 0 0 
Hancock’) 5.63. se ho tae sh ee 4 0 0 2 2 
Putnam hs cok Se eee te ee 6 5 127 0 1 
Bancuskay sere ack ols enone: paseeraee aie me ate 2 0 0 1 1 
Seneca ern oaen. eee ora eee 16 4 115 6 6 
WoOd Sart a.) Sek eee one Pr tae ee 4 1 25 1 2 
Wyandotte hiss oe Sot  euiadle pean 1 0 0 0 1 
otal 938i com aot k,- eee eran ti ee tees 34 11 269 10 13 
Ota led G37 dec «coe h te ke areottene oe cae 75 44 1,283 11 20 
Difference’, > se sea hock ee as —41 —33 | —1,014/ — 1 — 7 


of the sub-Trenton members were difficult to identify. The initial 24-hr. 
production was 40 bbl. ‘Two days later the production had declined to 
5 bbl.; it was later acidized without beneficial results. 

A dry hole was drilled through the same horizon a short distance 
east of the No. 2 well. The Sun Oil Co., on June 28, completed the Mary 
E. Crum No. 1 in the southeast quarter of the southeast quarter of the 
northeast quarter, sec. 7, Clinton township, Seneca County, at a total 
depth of 2090 ft., or 28 ft. below the base of the Trenton lime. A show 
of oil in the Calciferous at 2074 to 2078 ft. was shot with 60 quarts and 
the bottom-hole water was plugged off. This well had an initial produc- 
tion of 80 bbl. per day. On Dec. 31 it was producing 12 bbl. per day. 
Analysis of the oil showed a gravity of 43° corrected to 60° F.; 0.48 per 
cent sulphur; 39 per cent gasoline of 16.6° gravity. Eight tests have 
been drilled during 1938 to the “green sand” in northwestern Ohio, 
but the Sun Oil Company’s Crum No. 1 is the only well now producing. 
The other tests (except Clouse No. 2) were failures. Another test in 
sec. 19, Miami township, Greene County, drilled by the Mid-West 
Development Co., failed to produce. 
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As mentioned before, the characteristics and lithology of the so-called 
“green sand” are not sufficiently known to assign it definitely to its 
proper place in the geologic column of nomenclature. Whether it is a 
porous dolomitic phase of the basal Trenton or the upper part of the 
Lower Magnesian group called ‘“Calciferous” by some geologists, and 
closely associated with the St. Peter sand horizon, remains to be deter- 
mined. The writer has not examined any drill samples. ‘The familiar 
Blue Lick water characteristic of the St. Peter sand in Ohio has been 
encountered in all nonproductive tests, either in or immediately below 
the “green sand”’ horizon. Sufficient data have not been assembled to 
determine whether porosity, structural deformation or stratigraphic 
changes control accumulation. The results thus far obtained from the 
number of tests drilled do not inspire enthusiasm but exploration no 
doubt will continue during 1939. 


REPRESSURING 


No new gas or air repressuring projects were started during the year. 
Five were in operation and another one will get under way in the eastern 
part of the state soon after the first of the year 1939. 

An experiment in horizontal core drilling in the Cow Run sand near 
McConnellsville, Morgan County, is being tested in an effort to increase 
oil recovery. It is being done in an area where the oil-bearing sand 
outcrops. The project is supervised by Leo Ranney, pioneer in oil- 
mining methods. 


LEGISLATION 


It is planned to submit a bill to the 1939 State Legislature which, if 
passed, would legalize water-flooding of oilsands. ‘This method of second- 
ary recovery in Ohio has potential possibilities, when the economic price 
structure improves sufficiently to justify such operations. 
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Petroleum Development in Oklahoma in 1938 


By H. E. Rorscuacu,* Memsper A.I.M.E. 
(New York Meeting, February, 1939) 


Activity in Oklahoma fields declined in 1938 from the banner year 
of 1937. During the year, 1768 wells were completed as compared to 
2632 completed during the year 1937. The following tabulation sets out 
details regarding the wells completed during the year: 


Initial 
Wells Produc- Gas Dry Total 
tion 
inidefined pools. om style ate 393,330 | 111 430 1,565 
Wild Gas baste tests cee ets a te 17,660 26 150 203 
410,990 137 580 1,768 


These computations do not take into account the wells drilled for repres- 
sure and salt-water disposal, and other nonexploratory wells. Pur- 
chasers’ reports filed with the Corporation Commission of the State of 
Oklahoma show a total of 168,789,229 bbl. of oil purchased from Okla- | 
homa leases in 1938, or a daily average of 462,436, a decrease of about 25 
per cent from the year 1937. 

The outstanding operation of the year was the further development 
of the Ramsey pool, in western Payne County, the producing horizon 
being classified as the Wilcox. This pool was discovered on the last day — 
in the year 1937, by the Mid-Continent Petroleum Corporation drilling 
on a unitized block in sec. 18, T. 18 N., R.2 E. The map in Fig. 1 shows 
the development at the end of the year 1938. 

An important discovery of the year was the Champlin Refining 
Company’s No. 1 Boehm, in Garfield County, sec. 4-24N-8W., the pro- 
ducing horizon being the second Wilcox found at a depth of approxi- 
mately 6700 ft. This pool was assigned the name of Hillsdale. Some of 
the offsets to this discovery well had not come up to expectations at the 
end of the year, but the discovery seems to be important as indicating 
that the Wilcox sand is productive in the Anadarko Basin area, providing 
that the right structural conditions are present. 


Manuscript received at the office of the Institute Feb. 11; tables, April 29, 1939. 
* Consulting Engineer, Tulsa, Oklahoma. 
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Fig. 1.—Ramsry Poon, Payne County, OKLAHOMA. 
Furnished by E. C. Jacobson. 
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Some of the other discoveries made during the year 1938 are the Hazel 
pool, producing from the Earlsboro sand, and the Konawa West pool, 
producing from the Senora sand, Seminole County, and the West Cement 
Extension in Caddo County. Table 2 lists the principal new oil areas 
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Fig, 2.—Sac anv Fox poon, Lincotn County, OKLAHOMA. 
Furnished by E. C. Jacobson. 


Fox-Milroy Area.—At the end of 1937 this area had indications of _ 
assuming considerable importance, but the development in 1938 has been 
rather disappointing. 

Fitts Pool.—The Fitts area, Pontotoc County, was largely drilled up 
in 1937 and few new wells were completed in 1938. 

Oklahoma City Pool.—Oklahoma City pool was fully outlined at the 
beginning of 1938; the activity during the year being largely confined to a 
few inside locations and the placing on the pump of most of the wells in 
the capitol extension area. Practically all of the wells in the field are 
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TABLE 1.—Oil and Gas Production in Oklahoma in 1938 


Area ; : : Oil-produc- Ase 
Proved Total Oil Production, | Number of Oil and/or | tion Methods teens 
‘rea Bbl. Gas Wells at End of wiper 
Sq. 
1938 
Tn.¢ 
Age, . At 
f Years ete End Nember of 
Field, County to of 1938 ae 
1088 
i a| To End of | During sis 
§ Oil | Gas 1938 1938 8 2 Initial 
Be} 
E| Bape eee} 3 a oo 
z Bel ais) 8 = | 
2 gel a | see) EB | & 
| Sy 9 | 2 6 a2} g 
eo OF Od |g cy a 
1 |Adams, Hughes.......... 3 200 518,709] 265,513 10 Lig 10 6 4 
2/Allen and West Allen, ae 
POntoloci-catns an io ais 25 300 44,424,741) 2,212,643} 320) 59) 15 | 300 
3 |Altus, Jackson. . 5 490 630,179| 147,875 
4 |Asher-Wanette,  Potta-| 9 675 6,965,687) 120,428) 37 40 
AEGLONWE ar 08 «Saisie ic. 
5 |Bethel, Seminole......... 15 570 1,589,017 42,092 
6 |Bethel, North, Seminole..| 214 320 1,711,413) 729,699 30 30 | 21 8 | 1,300 
7 Billings, Noble. 23 600 60 
8 |Billings-Wilcox, Noble. . 3 4,480,561] 2,042,410} 62) 6] 1 61 e1,720 
9 |Binger, Caddo........... 5 10 46,496 9,840 1 1 
10 |Bowlegs, Seminole....... 12 3,820 111,791,263) 3,189,227) 246) 4) 2] 244 
11 |Braman, North and South, 
WU Bemresoe tea es fi aj 15 1,095 125; 4) 1 
12 |Britton, North, Oklahoma | 4 100 452,484) 106,892 9 9 2,000 
18 |Britton, South, Oklahoma.| 4 250 1,379,197) 186,586] 18 18 2,200 
14 |Brock, Caran ar ay 600 3,994,000 98,000) 121 121 
15 |Burbank, Osage, Kay ....| 18 | 22,210 | 280/199,689,908| 3,697,053) 2,204 1 1,928 
16 |Caldwell, Grant ......... 10 30 
17 |Carr City, Seminole .....| 11 1,060 28,217,808) 1,262,432) 101 10 91 e320 
18 |Carter-Knox, Grady-.| 
LEDRENS .ccisars ects nels 14 1,880 250} 12,962,000} 525,000} 225 143 
19 |Cement, Caddo.......... 22 2,325 14,406,639] 623,500) 266) 46) 3 y 
20 |Chandler, Lincoln ....... 14 1,160 1,157,806] 473,400) 52 y 
21 |Cleveland, Pawnee....-. . 35 9,720 55,307,709| 650,215 y y 
22 |Crescent, Logan......... 6 1,010 11,077,954] 1,650,800; 47 €2,920 
23 |Cromwell, Seminole ..... 16 4,790 | 180} 54,025,674) 1,216,000) 498} 6 277 
24 |Cushing, Creek ..........| 27 | 23,528 334,583,969] 2,848,237 
25 |Davenport, Lincoln ...... 13 2,000 
26 |Deep Rock, Payne....... 14 520 80 
27 |Dill, Okfuskee.... 0.0.4... 5 700 1,826,541) 399,520 1 21 
28 |Dilworth, Kay.......... 24 5,280 | 2,720 
29 |Earlsboro, Pottawatomie, 
ISEMINOC se covers custo 6 13 6,890 122,816,130) 1,750,826 213 
30 |Earlsboro, East, Seminole | 10 2,000 36,342,162} 978,893 96 
Earlsboro, North: 
31 Hunton, Seminole....| 3 160 232,853 68,113 11 6) 1 10 4 |e1,940 
32 Wilcox, Seminole....| 2% 280 1,345,730} 807,541 30 5 y 80 |e1,3865 
33 ca eae South, Semi- 
ee OHI ota eee 9 300 8,414,427} 230,931 30 1 19 19 Je 350 
34 dead, Oklahoma ......| 9 1,120 20| 13,665,225} 2,009,450 96] 2 e1,900 
35 | Fairfax, Osage Oe Mies ae 13 y 
Fitts: 
36 Upper Simpson, Hun- 
ton, Gilcrease, Wilcox, 
and Cromwell sands, 
Pontotocs. aio be aes 5 4,280 73,834,125|16,316,791| 455) 32) 4] 421 e1,980 
37 Oil Creek, Pontotoc...| 3 10 85,682 31,0 082 1 
38 | West, Fitts, Pontotoc .... . 1%| 170 221,322) 157,719 ll; 2 20 e1,850 
39 |South Fitts, Pontotoc ....| 134 320 107,906 44,303 1 12 
AQWBoxy after .o 2... cee es 23 1,110 | 420} 12,655,000) 340,000) 150 104 500 
41 |Fox-Simpson, Carter..... 4 600 737,966) 485,266 2 2 
42 |Garber, Garfield......... 23 3,840 49,708,313 600, '458| 873 582 
3 |Gessman, Lincoln ....... 5 110 
rv Glenn; Creek. c 2. cence 34 | 14,720y 
45 |Graham, Carter ......... 21 2,520 220) 25,575,000} 475,000 750 
46 |Gray, Pottawatomie...... a 180 3,493,806] 336,173] 28 2 e1,440 
47 |Grayson, Seminole....... 4 130 814,066) 124,025) 12) 4) 2 
48 |Grisso, Pottawatomie. ... . 5 258,200 34,000 3 3 


a Footnotes to column heads and explanation of symbols are given on page 240. 
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TABLE 1.—(Continued) 


Character of 
Oil, Approx. Producing Formation 
Average 
during 1938 
Gravity Depth, 
A.P.I. at Average 
60° F. in Feet 
en es 3 
& Name Ages a cate . 
g Weighted SE les % 
Average g£\af|] 3 
za os |cos| £ 
P BEls| 3 
na a 73 & 3/ 5 
1 40 Hunton-Misener Sil-Mis Lime 
2 
30 Cromwell-Wilcox Pen-Ord § 
3 43 Granite wash Pen 8 
4 43 y y y 
5 36 Booch Pen 8 
6 40 Cromwell Pen 3,615) 3,630) S 
7 41 Hoover Pen S 
8 Wilcox Ord SI 
9 41 Binger Pen 8 
10 40 Wilcox or Simpson Ord 8 
11 
41 Various Pen-Ord SL 
12 43 Simpson Ord DL 
13 43 Simpson Ord D,L 
14 35 Various Pen 2,100 NS] 
15 38 Burbank Pen 2,850) 2,700} S 
16 44 Wilcox Ord § 
17 40 Hunton-Wilcox Pen-Ord | 4,205) 4,180) L-S 
18 
35 Various Per 2,200] 1,700; § 
19 35 Caddo, Fortuna Per-Pen Ss 
20 40 Wilcox Or iS] 
21 37 Cleveland-Bartlesville Pen i] 
22 42 Layton-2nd Wilcox Pen-Ord N) 
23 35 Cromwell n 3,400 Ny} 
24 40 Numerous Horizons Pen-Ord 8,L 
25 46 ue en s 
26 y Wilcox-Bartlesville Pen-Ord 8 
27 40 Hunton-Cromwell Sil Pen §,L 
28 40 Various Pen-Ord, 8, SL 
Per 
29 
39 Earlsboro-Wilcox Pen-Ord vy 
30 39 y y y yey 
31 40 Hunton Sil L 
: 31 Wilcox Ord 4,650| 4,640} S$ 
40 Wilcox Ord 4,225/ 4,200) 5S 
34 39 Wilcox Ord Yu y| § 
35 38 Burbank Pen 8 
36 
37.9 Oil Creek Ord § 
Hai Bromide Ord 8 
39 Cromwell Pen Ss 
40 7] Jeese Pen 2,500| 2,200) § 
41 30 Simpson Ord 8,037| 7,950} S 
42 44 arious ie tek 4,200] 1,100} 8, L 
Ir 
43 45 Cleveland Pen § 
44 35 Glenn, Wilcox Pen-Ord y y| § 
45 32 Deese Lower Pen “i 28 
46 40 Wilcox : d 3,475) 2,500) § 
47 40 ee Simpson dolo-| Sil, Ord | 4,050! 4,030) SL 
mite 
48 35 Hunton Sil 4,050) 4,030; L 


Deepest Zone Tested 
to End of 19388 


-o 
oe Name 
fs| . 
i) {eo ° se 
2\é2| 3 a6 
eg i/se| .2 as 
& |4"| 2 am 
P | 15 A Wilcox 4,317 
Por} y AF |y y 
Por | 30 D 
y y y 
silty | 27y ML 
Por | 20 A Cromwell 
Por | 50 A 
Por A 
Por| y y 
Por | 30 A 
Por| y A 
Por A 
Por | 50 AF 
Por AF | Ord lime 3,000 
Por | 60 ML ss} Granite 4,240 
Por| 6 A 
Por | = A Wilcox 4,210 
15-20) 15 AF 8,963 
y y y 
Por | z A 
Por| y 7] 
23 7] AF 
Por | z AF | Wilcox 4,226 
Por| z AF 
Por | 50 ML 
Por | 50 A 
Por | 30 y 
Por | y A 
y y y 
y y y y y 
A Wilcox 4,680 
Por | 10 A Wilcox 4,680 
Por | 25 A Wilcox 4,225 
Por| y AF | Arbuckle 7,000 
20-25) y ML 
Por | 10 AF 
Por 
Por 
30 EC A 
x z AF | Simpson 8,105 
Por} y AF |y y 
Por | y M 
Por| y ML | Arbuckle 2,964 
28-30'45-70} A Dornicks Hills | 5,180 
Por | 25 A Wilcox ,500 
y y y y y 
z z A Wilcox 4,860 


= —— | ane 
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TABLE 1.—(Continued) 


. Pres- 
Oil-produc- 
Eentoch Total Oil Production, | Number of Oil and/or | tion Methods |; {"""" 
ee Bbl. Gas Wells at End of |! De 
1938 ee 
Age, . At 
Years Dering End es of 
Field, County to of 1938 ans 
End 
1938 
“ a | To End of | During ae 
5 hes Pe Tigaay |. 1988-28 Tical 
g Arse theo 
z S3/3| 8-8 we | 2 
o aa i= eS =a z a, 
2 Be|ei||23| 5 | 3 
4 eae lit esc | tet ay 
49 |Healdton, Carter......... 25 8,100 181,107,000| 3,425,000 43) 5 
50 |Hewitt, Carter........... 20 3,450 84,934,000| 1,520,000 6 
51 Hominy, Osagetszinites 19 300 1,911,924 12,250 
52 Hominy, East, Osage . 18 450 1,952,237 21,125 
53 |Hoyt, Lincoln........... 4 1,029,697) 249,067 13 1] 1 
54 |Hubbard, Kay.......... 15 620 
65 (Hull, Logan 2.0... ..0.... 5 80 
56 |Jesse, Pontotoc...........| 4 1,360 2,145,139) 704,985 21; 2 
57 |Josey, Okfuskee ......... 16 300 10 
58 |Keokuk Falls, Seminole ..| 6 2,300 7,842,914! 1,512,993) 107 1 1,828 
59 |Keokuk Falls—Hunton,| 4 443,651} 156,618 14 13 
Pottawatomie 
60 |Laffoon, Lincoln......... 6 60 1,167,250} 221,250 8| 4 8 |e1,872 
61 |Langston, Logan......... 5 300 688,646| 241,276 13 Biene 6 Ge 
62 |Lincreek, Lincoln-Creek...| 23 160 
68 |Little ck Seminole ...| 12 
an 
63a Little River, East, Semi- \ 5,540 129,337,483] 2,977,378} 344 8| 3 341 
MOGs iota cee c/owarae il 
64 |Lovell, West, Logan...... 3 20 91,628 12,108 2 
Lucien, Noble: 
65 East: Misener....... 4 10 171,687 29,887 1 
66 Wiolagas. 2 aca erste 4 10 133,243 11,811 1 
67 Northen, a.weecet on 3 250 342,529| 197,524 4 8 2,200 
68 bucien se, suse n 6 2,660 19,513,282) 3,261,087 3 121 
69 |Marshall, Logan ........ 12 1,940 1,950 
70 |Maud, Pottawatomie-Semi- 
NOLES at Rae shia oeesce 10 1,440 11,328,701} 212,279 63 1 62 |e1,000 
71 |Meeker, Lincoln......... 4 10 
72 |Mission, Seminole........ 12 1,332,246] 557,421 69 69 
73 |Moore, Cleveland......... 4 1,060 6,186,385) 1,753,035 2 39 
74 |Naval Reserve, Osage....| 11 2,720 160) 13,834,254] 1,695,110) 254 237 
75 |Nicoma Park, Oklahoma..| 9 30 323,464 13,050 2 2 
Oklahoma City, Oklahoma: 
76 Cleveland... 1,543,045} 525,000 
77 Wilcoxon sec cre cerns 9 6,990 317,031,492 30,575,116) 555) 50) 5 2,600 
78 Lower Simpson...... 10 | 10,000 102,395,609| 5,477,194) 226 €2,660 
79 Pawhuska.......... 10 190 978,403) 793,598 
80 Other zones......... 10 1,610 19,276,451] 971,659 
81 Upper Simpson...... 6 180 1,863,298} 1,011,999 33 1,000 
82 |Olympic, Hughes, Ok- 
SUSHOON.\eiasaettaiscsistestace 5 4,400 7,385,066] 1,290,457 2 221 
83 |North Olympic, Hughes, 
Olsfuslcee Sansa ciicls sore 2 820 1,638,550) 561,210 : 107 
84 |Otoe City, Noble......... 8 10 
85 Ostott, Kay. 7.....-%--- 21 3,300 
86 | Papoose, Haaliee Okfiakes 15 2,400 23,701,000} 261,000} 77 16 61 
87) Pettit; Osage: 0. cc. cece 19 380 
BS) |Polo Nobles eo iscece.s oie ns 5 390 2,973,768} 243,120) 36 33 
89 |Ponca City, Kay........ 28 1,670 
90 |Ripley North, Payne..... 11 90 
91 |Robberson, Garvin eats 18 1,480 | 320} 18,370,000; 475,000 
92 |St. Louis, Pottawatomie- 
‘Seminole SD aioracreneteions 13 8,240 119,004,974] 7,769,300 169} 28 600 
93 “gel Seminole 11 560 7,999,647) 232,417 4 40 
94 East Wilcox. . vol 4 886,627} 218,378 7 
95 ae eins ae 120 1,954,024} 158,435 8 
96 Bearight: issn. > 13 1,300 32,865,375} 544,216 72 
97 |Searight, North, Seminole| 5 310 2,618,954) 480,460 17 
98 |Seminole, Seminole....... 13 | 4,150 128,558,443 3,455,718} 330) 9) 1 
99 |Seminole, West, Seminole.| 9 260 11,615,499| 769,649} 26 4 22 22 
100 |Shawnee, Pottawatomie...| 5 640 1,230,682) 401,706 4, 2) 24 500 
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TABLE 1.—(Continued) 


Character of : 
: ‘ é Deepest Zone Tested 
[ OX. 
i pa ; Producing Formation to End of 1938 
during 1938 
Gravity Depth, 
A.P.I. at Average 
60° F. in Feet 
ie Name Agee £2 é g 8 g Name 
3 ws [AS] . 4 
g Weighted Se oe & ~ 2’ > sé 
~~ | 
| re aleel a | 4 eel | He 
g Se\5| 4 | 8 (Sa! & BS 
3 ey Sues amy Nema fret a fal) 
49 31 Various Pen-Ord | 1,500 SL | Por| z AF | Arbuckle £ 
50 34 Hoxbar Pen 1,700 y| § |15-20) 50 AF Arbuckle x 
51 37 Burgen, Siliceous lime Ord 2,685] 2,625 8, D | x | 50 A Arbuckle 3,206 
52 34 Bartlesville Pen 2,210| 2,160} § z y A Arbuckle 2,857 
53 41 1st Wilcox Ord 5,100 y| § Por| y y y y 
54 39 Various Pen-Ord y y| SL | Por| y AF ly y 
55 42 Layton en 4,800 y| § Por] y y y y 
56 41 McLish Ord 4,633| 4,621; § Por| y ARK jae 7 
57) All Wilcox Ord —_——_ | 3,650/ 3,600) S z | 50 D_ | Wilcox 3,7 
58 40 Misener-Hunton Mis, Sil | 4,152/4,117) SL y |15-20 A Wilcox 4,483 
59 41 Hunton Sil L y y yu 
60 22.5 Wilcox Ord 4,275, 4,190; §S Por| z A Wilcox 
61 40 Wilcox Ord 5,145|5,100| S$ Por| z A Wilcox 5,194 
62 32 Wilcox Ord S | Por] y vy 
63 39 y y y y y y 
63a 36 Cromwell-Wilcox Pen-Ord S | Por| y y 
64 40 Wilcox Ord N) Por| y vy 
65 y Misener Mis 8 Por| y y 
66 y Viola Ord L Por} y y 
67 y Wilcox Ord L-S | Por| y y 
68 42 Wilcox Ord LS | Por| y y 
69 40 Various Pen-Ord S Por | y y 
70 39 Misener-Hunton Mis. Sil | 4,140} 4,180) SL | Por | 10 A Wilcox 4,330 
ie - Wilcox Ord 8 Por | 6 y 
y y y y y 
73 47 2nd Wilcox Ord § Por A 
74 39 Burbank Pen 8 z M7] y 
a4 39 Trospex Pen Ny) Por | 12 ML 
Cleveland 8 
77 39 Wilcox Ord 8 22.5] y 7] 
78 39 Lower Simpson Ord 8 Por| y y 
79 40 Pawhuska Pen Li WePor' | a y 
80 Arbuckle Cam Ord L |Cav| y vy 
2 Misener Pen 8 Por} y y 
x 34 Senora-Colvin Pen S | Pe} y y 
34 Senora-Colvin Pen S | Por] y y 
84 Layton Pen 8 Por | 2 y 
85 39 Stalmaker-Oswego Pen SL y y y 
86 37 Cromwell Pen 8 Por | 10 A Wilcox 
87 Simpson dol., sand Ord SD | Por | 45 A 2nd Wilcox 
88 38 Various Pen-Mis- | 4,900} 4,823] §S y vy uv 
Ord 
89 
90 43 Wilcox Ord S | Por] y y 
Z 28 Pontotoc-Simpson Per-Ord SL y y | A, AV 
39 Hunton-Simpson Sil-Ord LS | Por| y y 
93 37 Cromwell-Wilcox Pen-Ord § | Por |g y 
94 37 Wilcox $ Por| y y 
95 37 Wilcox Ord 8 Por | y y 
96 38 Hunton-Wilcox Sil-Ord SL | Por] y y 
97; 32 Wilcox Ord 8 y y y 
98 39 Wilcox-(Simpson) Ord 8 Por} y y 
99 40 Wilcox Ord 4,115} 4,085} S | Por | 30 A Wilcox 4,150 
100 34 Earlsboro Pen S | Por| y y 
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TaBLE 1.—(Continued) 


5 Pres- 
re : a Oil-produc- 
rk Total Oil Production, | Number of Oil and/or | tion Methods ae 
Nene Bbl. Gas Wells at End of Pipe 
1938 ae 
aces During ra Number of 
Field, County to 1938 | of 1938 Wells 
1038 
938 
i a| To End of | Durin: =r 
§ Oil | Gas 1938 1938 82 _| Initia 
| BS |S | wo 
2 Pu, | 2 =I a 80 
a eet | GA S'S. te =| 
a B9g/ 8/3) 3 A a 
a ge) 8|3|se] & 3 
5 | i eOuleta ese hot 
101 |Sholom Alechem, Carter- 
Stephens.......5...... 15 4,180 | 220 760 
102 |Stillwater, Payne........ 4 | ‘120 465,000} 54,020] 6 2 4 |e1,700 
103 |Tatum, Carter......... 12 | 2,230 16,105,200} 845,200] 1] 4} 3 "500 
104 |Thomas, Kay........... 15 140 
105 |Tipton, Jackson......... 4 330 
106 |Tipton-Arbuckle, Jackson | 3 280 
107 |Tonkawa, Kay, Noble....| 18 2,300 
108 |Tussy, Garvin. .......... 6 360 
109 |Vernon, Kay............ 15 920 
110 |Vines, Murray........... 19 
111 |Watchorn, Pawnee....... 23 320 
112 |\Wewoka and Wewoka| 16 2,150 
Townsite, Seminole... . 
113 | Wheeler, Carter.......... 23 540 | 160 300 
114 ie ale and §. Wilzett, 
ARCOUT  e OE e oBles > 5 200 713,700} 131,085 18 2 
115 |Zimmerman, Lincoln.... . 3 40 he tly 
116 |Marathon, Noble........ 4 1,665 
117 |Dora, Seminole.......... 2 970 2,120,593) 1,769,667 1 20 
118 |Fish- Cromwell, Hughes, 
SEMUNDIC aes as nee .e8 9 1,912,996) 1,197,636 22 44 
119 |Fish-Wilcox, Hughes, 
WSENAUNOLE cares asic 4 axe.e ote 5 6,130,844] 750,000 33 
120 |Milroy-Deep, Stephens...| 114 40 197,121] 103,569 Tid: 1 
121 Ee ena, Pottawa- 
wo oc ON OED 114 100 41,491 28,629 2 1 
122 nee Noah, Pottawa- 
PONE ee ee arcoree se 144 100 41,108 14,792 1 1 
123 |Sporn, Lincoln males 80 402,380| 188,199 9 9 
124 |Tecumseh, Pottawatomie..| 114 100 57,261 31,210 1 1 
125 |Traugh, Deep, Seminole..| 114 190 354,357| 330,494 16 
126 |Traugh, Shallow, Seminole] 2 270 535,669) 238,497) 24) 23] 3 
127 | Wellston-North, Lincoln..| 3 340 945,344) 557,099} 34| 6 
128 |Jesse Hunton, Pontotoc. . 5 900 491,006] 320,714 18 
129 |Konawa, Seminole....... 9 1,520 18,731,952] 466,233) 94) 2) 2 
130 |Coyle, Payne............ 4 40 18,389 18,389 1 
131 |Avoca, Potiawatomie..... 7) 50 30,066 30,066 4 a 
132 |Meridian, Logan......... om) 20 22,156 22,156 1 
133 |Tyrola, Seminole........ 1mo.| 30 7,320) Gama 7820) Pod 
134 VME GUNG Hla eereee 1 390 538,860) 538,860 17| 19] 3 
135 |Calvin, Hughes.......... 1% 80 38,554 38,554 i 
136 |Centrahoma, Coal....... 2 80 30,594 24,963 2 
137'|Citra, Hughes.<......... 1% 40 | 6,256 1,933 il 
138 |Fream, Hughes.......... 34 20 8,485 8,485 2 1 
139 |Hazel, Seminole......... 34 190 103,442] 103,442 14 6), 
140 |Hillsdale, Garfield........ 4% 20 26,852 26,852 1 
141 | West Konawa, Bemtnole.. 34 100 106,670} 106,670 9, 13) 5 
142 |Lamont, Grant.. | 1% 20 207,216) 142,698 Came ys 
143 |Noble, Cleveland. . 40 28,647| 28,647 1 
144 |Olsen, Van Neck......... 44 40 34,986 34,986 1 
145 |Swan, Seminole.......... ms 40 12,818 12,818 BSP 8 
146 |Wankomis, Garfield...... 34 40 19,504 19,504 1 
147 |Britton, East, Oklahoma..| 34 40 14,141 14,141 1 
148 |Cromwell, South, Seminole| 134 80 209,973} 146,905 
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TABLE 1.—(Continued) 


Producing Formation 


Deepest Zone Tested 
to End of 1938 


Weighted 
Average 


| Line Number 


Name 


Depth, 
Average 
in Feet 


Agee 


Bottoms of Pro- 
ductive Wells 
To Top of Pro- 
ductive Zones 


Deese 

Wilcox 
Deese-Dornick Hills 
Various 


Not determined 


y 

Various 

Deese 
Stalnaker 
Simpson 
Wilcox-Layton 


i] 
Cromwell-Hunton-Wilcox 


Pontotoc 
Hunton 


Hunton 
Wilcox 


Wilcox 


4,306] 4,300 


Ord-Pen 

y 

Pen-Sil- 
Ord 

Upper Pen 

Sil 

Sil 

Ord 


4,290} 4,240 


ned wm Pennnnmnen Bunnmm | Carat 


mmn 


Porosity? 


Average in Feet 


eeeeeeeee © 355 | Net Thickness, 


Structure* 
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Name 


Depth of 
Hole, Ft. 


Wilcox 4,306 


Wilcox 4,520 
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being produced by (1) submersible electric centrifugal pumps, (2) gas 
lift, or (3) by using conventional rods and tubing. Table 3 indicates the 
production that has been secured from the various leases up to date, 
showing a total recovery of approximately 436,000,000 barrels. 

Jesse Pool.—The Jesse pool, Pontotoc County, had several substantial 
producers completed during the year 1938. However, the pool appears 
to be definitely outlined and any additional developments will probably 
be the drilling of inside locations. 

Greater Seminole Area.—Seminole County led the state of Oklahoma 
with 211 completions. Several small pools were opened during the year 
in the Seminole area, as follows: the Hazel, West Cromwell, Swan, and the 
Tyrola and the West Little River and an area that has been designated 
as the North Grayson pool in sec. 12-6N-5E. This last discovery was 
made by the Superior Oil Corporation; and the number of wells drilling 
at the end of 1938 seems to warrant the prediction that considerable 
recovery will be had from this area in 1939 from the dolomite found at a 
depth of approximately 3800 feet. 

St. Louis Pool.—During the year 1938, one of the most active spots in 
Oklahoma was the St. Louis area in Pottawatomie County. The wells 
completed were principally extensions to the old St. Louis pool; however, 
several other producing horizons were opened by plug-backs or by 
deepening operations. 

Cement Area.—About 40 wells were completed in the old Cement 
area in Caddo County during the year 1938. A 3500-bbl. well was com- 
pleted opening up the western extension. Subsequent completions 
included some large gas wells from which the production exceeded one 
hundred million cubic feet daily. 

Lincoln County.—The Sac and Fox pool in eastern Lincoln County 
made a comeback in the year 1938 (Fig. 2). Opened in January 1925 
by the Wilcox Oil and Gas Co., only three wells were completed in that 
year, the field remaining dormant until the year 1938, when upward of 
50 wells were drilled. Production is secured from the Prue sand from 
about 3000 ft. The initial production is not large, averaging around 
100 bbl. daily, but the wells are comparatively cheap to drill and have 
a long life. 

Southern Oklahoma.—The year 1938 saw very little activity in south- 
ern Oklahoma. Another zone in the Doyle pool, which was opened by 
Helmerich & Payne in 1937, was found to be productive. 

Billings Pool.—Several additional wells were completed in the deep 
Wilcox horizon in the Billings pool for substantial 1938 production. 

Water-flooding.—Water-flooding as a means of secondary recovery 
in the older oil fields in Oklahoma continued to increase in 1938 in 
Nowata, Rogers, and Washington County areas. During the year 
approximately 500 water-intake wells were drilled in eastern Oklahoma. 
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TABLE 2.—New Oil Areas Discovered in Oklahoma in 1938 
Location of 
Name of Pool Discovery County Company Name of Well 
Well 
Weaukomigy. csi. cathe one ie atte iter etert are 34-21N-6W | Garfield Waukomis Oil Clark No. 1 
Bramay. Southeast... Se cneeieaamie tne ale 16-28N-1W | Kay Ohio | School land No. 1 
Meridigns 3.0. Vise. feten neers anid cone 27-16N-1E | Logan Sinclair Crews No. 1 
Os CREE FS RL SS Mer pe Ae elena LSE AE 12-17N-1E | Payne Texas Longan No. 1 
Ramsey SGA Poe ka er ee oth ee ena ctnemelns 18N-2E_ | Payne Mid-Continent Ramsey No. 1 
Okfuskees 7M sti S ote een nie a we nie as 10-13N-10E | Okfuskee Mid-Continent Trelan No. 1 
Noble:s. ais fe Cee eco eee tao 12-7N-2W | Cleveland W. A. Delaney Burgher No. 1 
Calvin: Eee na. che ta ds Het oonadutwan eo 8-5N-10E | Hughes Phillips Becker No. 1 
Broginseetrer occ. tote ieee cork tnecrres 29-9N-9E Hughes Amerada Fream No. 1 
IM OFTINOI 8. ttn Goce eek eine cate ful eo eR nloerks 13-9N-10E | Hughes Phillaine Morrison No. 1 
CromvellNortine, ference. e oac ek Cane cee ese 26-11N-SE | Okfuskee C. W. Titus Lohmer No. 1 
Agel cake eee ee Be ees eee eee 35-7N-5E Seminole Villines Reed No. 1 
Konawa Wesbareee toa ccewtae abi hana teeret 17-7N-6E Seminole Davis Jones No. 1 
WAT dot 5 AR On eee inc. Oe ola Ree oe teh iar 18-6N-6E Seminole Delaney Swan No. 1 
Oka Nitty Histseeeers ft eee nae ee 4-12N-3W | Oklahoma Olson Vanek No. 1 
Hilladaletee ctayseeione ete setts cc cee 4-24N-8W | Garfield Champlin Boehm No. 1 
Britton, Ext..... ...| 21-13N-3W | Oklahoma Kerlyn Orphanage No. 1 
North Grayson. .| 12-6N-5E Seminole Superior Tiger No.1 . 
Tyrola ; 4-5N-6E Seminole Arch — Collins No. 1 
ANOCBs advo ...| 6-6N-4E Pottawatomie | Atlantic McCurrey No. 1 
Little River West .| 17-7N-6E Seminole J. F. Smith Edgeman No. 1 [ 
Cement ixtenslon ys S..0-.c sects ones ses ae tre 27-6N-10W | Caddo _ | Ray Stephens Griffin No. 2 
Mautirooln- ss mera op inane chehldont anes 16-8N-5E Pottawatomie | Morgan & Flynn | School land No. 1 
ve Accumu- ‘ 
Initial Aver- 
F Number of . lated 
Date Production Producing age 
Name of Pool Completed | in 24 Hr., Mi hon 8 Formation | Depth, et by 
Bb. Ft. | 1938, Bbl. 
1 7,336 19,504 
3 2nd Wilcox | 3,645 27,735 
1 Wilcox 22,156 
2 i 18,389 : 
7 538,859 
4 38,148 
1 28,647 
1 38,629 : 
3 8,503 
1 8,947 i 
1 21,853 
4 Earlsboro 103,442 : 
0 Senora 2,307 | 105,585 
2 Sand : 2,693 12,818 
1 Tope Simp. | 6,776 34,986 
Dolomite 
PAIN GIG Ewe rate e aur eteecret oie a oi tee Ate 10- 1-38 2 Dolomite 6,703 18,012 
PGCON, LRG oases Gaus tes ae arte at eared 9-26-38 1 Wilcox 6,707 14,141 
North Grayson citi tachitiava eer cas codec 11-27-88 1 Dolomite 3,794 11,096 
EEOT GLE Sy cs cPioct toe dicie.c ic nate atone ae 11-30-38 1 Viola 3,270 12,417 
IAVOGR: ih SAvgs fon ytelemiathas uaa res eialeite seeee| 8-17-38 4 Viola 4,209 30,066 
Ejttle River Washi. show shrew camina eetieecon ape Wilcox 48,606 
Se in Gas ahd £.Ce eer Restate A ete 11-10-38 Est. Viola 23,603 


Gas Repressuring.—More gas repressuring projects were being added 
to the already existing projects during the year 1938; approximately 125 


wells were drilled for that purpose in northeastern Oklahoma. 
the large unitized blocks on which gas repressuring was being carried out 
in 1938 is in Avant district in central eastern Osage County. This 
formerly was a unitized project in which the Sinclair-Prairie Oil Co., 
Phillips Petroleum Co. and the Wolverine Petroleum Co. participated. 
At the end of the year, however, an exchange of property was affected 
whereby the Wolverine Petroleum Co. took over the project in its 
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TABLE 3.—Oklahoma City Recoveries and Wells Drilled by Quarter Sections 


Total Estimated 
ate Plug Shut tas Estimated Becca OED ee 
CraartorGevtion ber Back | Down | prog, | Recovery Produce 
Wells PRuer or Oil to Dee. 1, tion, 
Drilled as | Abnd. | Wells | 1938, Bbl. Per Per Bbl. 
Well Acre 

NNBO Si aS me protein. iet ileal nts 3 1 ui ey 625,883) 208,628) 15,647 1,482 
DOMWat=S Mae Secs Tetsh., 23 10 13 7,712,053} 335,307| 48,200) 24,316 
SWRI ES eh arora ae Sram oe ER 21 3 10 8 6,509,255) 309,965) 40,683 6,102 
1S Ts ae ee 22 5 8 9 4,253,664) 193,348] 26,585 10,376 
BY sed Lewd citcneta (sips acd sielsae ty 51 if 20 24 24,715,891} 494,318] 154,474] 83,509 
(iPS aS ale ee eee ee 14 1 12 1 2,385,604] 170,400) 14,910 4,375 
VD LS ritahaes aapa8!p esta ai 33 4 23 6 3,856,819} 116,873} 24,105 3,934 
MNP te TeS Aatetete Rous’ ceape-sh chet 28 z 27 29,439,138]1,051,393) 183,994) 155,213 
Tas 11 ES ee 29 U1 18 18,078,253] 623,388] 112,989 66,611 
PRBS VSS yA rN aiays a, cookers sas 26 a 14 1% 7,309,585) 281,138) 45,685) 25,475 
PV Mkt mon taitsar: dea iacs casas ee 20 8 12 7,021,668} 351,083] 46,811 23,975 
Peeddma eesti sure es 2 2 133,260} 66,630) 6,636 
2801799 19 os Wh se A 29 1 7 21 15,339,311) 528,942) 95,871 46,395 
"PL CE ES be ee 39 14 25 15,921,326} 408,239) 99,508) 68,735 
Ra Poi atid = Sieve hene 5 oh aeic cans 24 10 14 9,390,191) 391,257) 58,689 26,856 
Pad Laie gee eats set aty ole og 21 6 15 7,114,462) 338,784| 54,727) 36,048 
sti D7 BS Ee 14 3 5 6 2,020,929] 144,352) 12,631 5,423 
2S ia Os Ee eee ee 8 6 2 606,683) 75,835) 3,792 
(5) ti AEs IER a een rece ee ae 13 2 2 9 2,825,488) 217,345) 17,659 6,397 
NCA e Loata gah. ce vat detaistsl 8 4 4 1,116,735} 139,592 6,979 3,788 
SE1 and all 12, 13 and 14- 

CR Re” 5 ee ee ee 143 50 25 68 33,994,987| 237,727) 20,235 70,173 
PNM OE LAs cities ais av ctintekele ous 17 8 9 5,681,857| 334,227) 35,512) 46,171 
INV On Lae ays clie's 4% sosuciers 8 8 4,583,866) 572,983) 76,398) 38,309 
See bls aieaieasiaite) ante cower 24 6 18 8,500,677) 354,195) 53,129) 41,274 
BNW eeatl Ls Satta es cncecsue, 6) ob ovoxs 9 9 3,632,764| 403,640) 60,546) 25,907 
ING Bal LeBel ci ackih acs 16 3 13 2,471,736] 154,483] 15,448 17,118 
USUI) /2 22350 IES Te ee ae 5 5 809,810| 161,962) 16,196 6,561 
soll S505 IR ete Ac eae ee 53 13 40 16,871,583] 318,332] 105,447) 31,183 
(Ap aT tS 3 tet et = a 18 5 13 4,370,648] 242,814] 62,438} 24,291 
Dio DVT ES ie one ae og 9 2 a 1,196,714} 132,968} 7,479 12,865 
INV 2ond LeSie: geices.ce- ti gee Fl 5 1 4 976,868) 195,374) 6,105 4,910 
Reade ao winks HAM tee wea 8 8 1,907,311} 238,414] 12,715 10,742 
Besa bday eater iis dee aileiels 3 1 2 451,392} 150,464) 3,762) . 422 
ONG dat LB i hc esse gases 11 iG 3 2,307,638} 209,785) 14,423 22,688 
TV aretl VeSeevile tire ai poes atts. iste 11 2 9 3,231,019] 293,929) 20,194 10,654 
feof ck. oa lt I SS ee rere 12 5 2 5 2,034,270) 169,522) 12,714 15,597 
BIW2dateD Pi.) ..4 cass te ds bias 9 9 2,384,143) 264,905} 14,901 31,735 
INA D SE eS ile ies, steal. ve 12 4 8 1,562,698] 130,221 9,767 11,675 
AV oo LL. Wrie cities vocal oles 9 9 2,167,824| 240,869] 13,549 13,938 
jo) Tia Ns ee oe ee ee cere 16 2 14 2,643,575| 165,223) 16,522 14,024 
Be oAT ISS 65.0 tia we 9 9 2,201,471] 244,608} 13,759 7,540 
INP Oa WES Ts 3 GCI cla Crow 2 2 103,156 51,578 645 
ENVIS Ga LVS aoe isso a ste ew 9 9 4,196,456] 466,273) 26,228) 34,904 
SIE POST li-cackie sites ues cos 5 5 2,459,261) 491,852) 16,395 564 
FN (OS Ae Tie ee Eee 8 2 6 1,988,935] 248,617) 15,299) 10,585 
IND OP (3 WEE See een cares ic 5 13 13 3,962,908} 304,839] 39,629 19,801 
NU ou des load aa) felch. etasedeee oile..e 1 1 91,913 91,913 9,191 
fay] OR ea Ih IS: Seo ae 4 4 1,446,078) 361,519) 36,152 10,990 
POV 3 abd HO eisiase lousy is. Glueveletels il 1 73,651 73,651 7,365 1,112 
IEG Ga L- GA at ks ce fan le 16 2 14 4,066,533] 254,158) 25,416 6,084 
INGWieGebleGh sothesacfere%% su 11 74 9 2,929,190] 266,290} 24,406 9,649 
SE36-11-3....... G 2 5 1,811,994! 258,856} 25,886 4,598 
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Tas LE 3.—(Continued) 
Estimated 
aoe Plug Shut hae Estimated Mis Mat 
: ber Back | Down | prog, | Recovery 
Quarter Section Wells | Upper or Oil to Dec. 1, 
Drilled) Gas | Abnd. | wells | 1938, Bl.) po, Per 
Well Acre 
SWS6E11-3 Seco 3 1 2 1,013,310| 337,770| 33,777 
SWi71152. eee 2 2 272,962| 136,481] 13,648 
IN Wise 11-2 eae eines 4 3 1 18,894 4,723 472 
BE1S:11-2 3 seek sen eee ae 2 1 1 22,581; 11,290) 1,129 
GWilesl 1-20 week 8 2 4 2 1,364,060] 170,507| 17,050 
W105 1-28 ete 2 1 1 287,925} 143,962| 14,396 
NW 10sL1Zo ee 9 2 2 5 2,782,535| 309,170| 17,391 
REIS eee eee 8 2 5 1 1,852,250| 231,530] 23,153 
SRA DE ha oh ocdomdae 10 5 2 3 1,971,394] 197,139] 12,322 
SW IGE 1D eR: ne ee 2 2 14,209} 7,104 710 
NI30-11-2-0 eae. ote se 7 4 3 1,229,868] 175,124] 17,512 
Niwe0cL1s2 Waseca ess: 13 6 4 3 506,024) 38,924| 3,163 
BESOIN OA aes seer 10 5 1 4 446,944, 44,694 3,192 
SW20211-2 ea. ater 11 1 10 2,873,269| 261,206] 17,958 
NS 1E1 1 Oe eRe 16 9 7 4,539,603| 283,726| 28,372 
NEWS 12k 1 oer ee eee 14 1 13 3,887,462| 277,676] 24,297 
Aweisl 1-2 ees. oe 16 6 10 5,330,395| 333,150) 33,315 
Bava lel Lele ee eo 11 2 9 5,435,935| 494,176] 41,815 
NWS 2k Qe eee 5 1 1 3 421,193| 82,587| 8,259 
BWS2 1 leo eee eee 7 3 4 1,386,073} 198,010} 19,801 
DA Te ret een ae ee 5 4 1 445,573| 89,115| 8,912 
INIWG270°2 2 er etna acre 2 2 12,803] 6,401 640 
AWil4rlo-3 anal are oe 1 1 92,537| 92,537| 4,627 
INAV Ese] OT eh as onsite 5 5 79,057| 15,811) 1,581 
Rtho12.6 Sear 19 4 3 12 1,914,946] 100,786] 11,968 
S Willan 1a eee en aes 31 1 30 1,570,870} 50,670| 9,818 
NI WilG- 12-3 oe eee 3 3 83,595| 27,865| 2,090 
NTH. 19-9 Tata. the oat ae 32 5 27 7,136,090] 223,000) 44,600 
NEW 12-8 een recone 2 2 102,457} 51,228} 3,415 
Sago Rein ae 36 36 | 13,883,296] 385,647| 86,771 
SWI 1 2:3 ns ae 10 10 2,354,514| 235,451| 39,242 
NWO aes sai 9 9 1,822,359] 202,484) 30,372 
MHIGI12-S eet scen ase 1 1 271,957| 271,957| 6,799 
SW28512-3 Sa career 20 20 8,339,576] 416,979| 69,496 
WW26-12-3...d0..0d0 sor 23 3 9 11 2,280,648] 99,158) 17,543 
NWO T1 2-35 and ee 13 1 12 3,655,683| 281,206] 22,848 
NW27212-380 ee, eee 9 9 2,057,879| 228,653) 34,298 
SHOT<12-By wey eos 25 25 4,853,128) 194,125] 30,332 
NESMLIS es ieee 27 27 8,897,617| 329,541| 59,317 
Wado eet et 38 2 36 | 29,181,444] 767,933] 182,384 
RiWdd- 19a anon heen 12 12 5,617,171) 468,097| 56,172 
NEBB212-3. o.csen eee 9 9 618,928| 68,769| 7,737 
NW She12-B.erice nee 7 7 559,729| 79,961) 13,990 
at ea Mie hele ar ha Gat 10 1 9 2,934,108] 293,411] 29,341 
SWSE-12-d ieee te ban 14 1 13 3,506,963| 250,497] 25,050 
INWa6a1 225 een eee 3 3 1,547,307| 515,769} 51,577 
Smseo's a ac cams 1 1 6,409] 6,409 641 
SWhG1 ASN ews 13 1 3 9 3,055,656| 235,050] 30,557 
Totalace tear kren ele 1,452 | 135 331 986 |436,024,310| 300,292 


October 
1938 
Produc- 
tion, 

Bbl. 
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7,110 


1,580 
3,934 
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3,184 
1,870 
6,603 
41,894 
22,079 
7,752 
10,685 
35,656 
1,976 
1,085 
2,020 


11,006 
12,666 
19,671 
24,884 
9,864 
127,319 
2,449 
235,298 
58,820 
56,677 
2,779 
133,600 
6,704 
85,986 
67,861 
175,345 
168,909 
238,718 
62,091 
22,997 
15,950 
19,643 
7,317 
22,946 


24,307 


34,575|2,952,710 
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entirety. During December 1938 the Osage Indian Agency notified all 
Burbank pool operators that all surplus casinghead gas must be returned 
to the Burbank sand. It is believed that this is the first Oklahoma pool 
in which any governmental agency has insisted upon steps being taken 
to maintain reservoir pressure. 

South Burbank Unit Block.—This is one of the outstanding unitization 
plans being carried on in Oklahoma. This block comprises more than 
2400 acres and includes most of the producing acreage on the South 
Burbank structure. Practically all of the surplus gas that accompanies 
the oil is reintroduced into the producing horizon through a series of key 
wells. Bottom-hole pressures have been maintained without any sub- 
stantial decline for some time. At the end of 1938 the bottom-hole 
pressure was still over 600 lb. Approximately twenty-one million 
barrels of oil have been produced from the South Burbank area since its 
discovery in 1933, of which fifteen million barrels have been produced 
from the unitized area. Outside the unitized block 94 wells have been 
drilled, of which 64 were flowing and 30 were pumping at the end of the 
year 1938. The unitized block has eight gas-input wells and the proper- 
ties lying outside of the block utilize 10 wells for gas output. Eighty-six 
wells are being produced on the unitized block and all are flowing with 
formation gas or reintroduced gas except eight wells that are being 
pumped mechanically—six by electric motors and two by gas pumps. 
During the year 1938 a rather careful detailed study was made comparing 
the wells pumped electrically with those pumped with gas engines. It 
appears from that study that the cost per net barrel is much less on the 
electrically equipped wells than those pumped by gas engines. 
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Oil and Gas in Northern and Central Pennsylvania during 1938 
By Artruur C. Smmons,* Member A.I.M.E. 


Tur Pennsylvania-grade oil industry suffered a serious decline in 
1938, which can be largely accounted for by the decrease in the use of 
lubricating oil. Production was considerably lower than in previous 
years and prices were very much lower. Operating profits undoubtedly 
were lower than the year 1933, for the average price of Bradford crude 
in 1938 was $1.898 as compared with $1.86 in 1933, and the difference in 
average price of $0.04 per barrel was more than offset by increased 
operating costs and taxes. 


BRADFORD FIELD 


Production in the Bradford field in the state of Pennsylvania aver- 
aged 36,759 bbl. per day in 1938 as compared with 41,300 bbl. in 1937. 
The decline in average daily production of 4541 bbl. can be attributed 
to low market price and pipe-line proration rather than to the actual 
physical capacity of the field. Pipe-line proration was in effect for the 
last eight months of the year and the daily average production per month 
fluctuated between a maximum of 41,852 bbl. per day in March 1938 
and a minimum of 33,649 bbl. per day in November. Production figures 
for Bradford field have been corrected to include only the parts of the 
Bradford field that are within the state of Pennsylvania, but the well- 
completion data for the Bradford field cannot be segregated and include 
those of the entire Bradford field, part of which is in New York state. 

Production from the Bradford field was obtained almost wholly by 
water-flooding and no radically new methods or practices occurred. 
Intensive research work was carried on both by individuals and com- 
panies and as a cooperative enterprise, and minor improvements are 


gradually occurring in spacing, shooting, application of pressure and 
water conditions. 


DRILLING 


Central and Southern Pennsylvania.—Pennsylvania production in 
central and southern Pennsylvania was obtained largely by air and gas 
repressuring together with the usual amount of natural production, and 
the repressuring operations in other than the Bradford field have not 


Manuscript received at the office of the Institute April 15, 1939. 
* Geologist and Petroleum Engineer, Bradford, Pa. 
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materially increased the production. In 1938 the production was 
10,983 bbl. per day as compared with 11,255 bbl. in 1937. 

Completions in central and southern Pennsylvania totaled 392. 
Figures are not immediately available to compare the 1938 completions 
with those of 1937, but it appears probable that in 1938 the number of 
completions was considerably smaller than in 1937. 

Bradford Field.—Well completions in the Bradford field, which include 
both wells drilled as producers and those drilled for water intake, totaled 
2148 in 1938 as compared with 4112 in 1937. 


TaBLE 1.—Ouil Production, State of Pennsylvania, 1938 


. C il and q 
Year Beate Field, Batehon Bene: Fee Ot 
? vania, Bbl. Bbl. 
TASS OUST OP ane acer ila SOE Ree ee 15,076,909 4,108,100 19,185,009 
BPE es Soar cl aparece ear rele ike Gets 13,417,102 4,008,923 17,426,025 
Chance serve an tisha cde etek —1,659,807 —99,177 —1,758,984 
LOS7 daily average. .56...t.05 05s 41,300 11,255 52,562 
DOS SO AILY TAV CLA iiss. sx ak Saws 36,759 10,983 47,742 
( CUNEANd hte ats on oO eae oR ee —4,541 —272 —4,820 
Om PRICE 


Because of different posting schedules, there occurs a slight difference 
in the price of crude oil in the different Pennsylvania districts. The 
Bradford field prices are very slightly but uniformly higher. The year 
opened with Bradford crude selling at $2.20 and changes occurred down- 
ward on March 7 to $2.05, on June 13 to $1.80, and on Sept. 1 to $1.68. 
The price of $1.68 continued through the remainder of the year. There 
occurred a weighted average price of $1.898. 


New DEVELOPMENTS 


Additional flowing wells were drilled in the Music Mountain field 
south and west of Bradford. There is indicated at the present time a 
producing area of only about 300 acres. 


Oil and Gas Developments in Southwestern Pennsylvania 
during 1938 


By Joun T. Gatey,* Junior Memper A.I.M.E. 
(New York Meeting, February, 1939) 


In southwestern Pennsylvania 151 wells! were completed during 
1938, a total of 61 less than the preceding year. Of this number 81 
were gas wells and 28 oil wells, which shows a considerable decline from 
1937, when 108 gas wells and 64 oil wells were completed. However, 
42 dry holes were drilled during 1938, which is two more than the pre- 
vious year. 


SHALLOW DEVELOPMENT—GAS 


No new extensions to old pools, or new wells that would indicate 
any substantial reserves, were found during the year. However, a 
number of commercial wells and many dry holes were drilled to the Big 
Injun sand in Menallen township, Fayette County. One well had an 
initial open flow of 6 million cu. ft. In Rich Hill township, Greene 
County, one well producing, from the Big Injun sand, 2 million cu. ft. was 
brought in. Several other gas wells were completed in Shaler township, 
Alleghany County and Center township, Greene County, both of which 
had initial open flows of 1 million cu. ft. from the 30-ft. sand. Another 
well, in Aleppo township, Greene County, had an equal volume from the 
Gordon Stray sand. 


OIL 


Development has proceeded at a retarded rate because of the low 
price of Pennsylvania-grade crude. A total initial of only 205 bbl., an 
average of 7.3 bbl. per well, was developed. This is 1785 bbl. less than 
during 1937 and no new repressuring operations have been contemplated 
to prevent the declining production. The average price received for oil 
was $1.56 per barrel, with a high of $1.88 and a low of $1.34. This oil 
costs $1.94 per barrel? to produce. The average price paid for Bradford 


Manuscript received at the office of the Institute April 17, 1939. 
* Oil and Gas Operator, Pittsburgh, Pa. 
‘This figure includes both drilling and deepening of wells in the counties of 
Alleghany, Beaver, Greene and Washington; and parts of Fayette and Indiana. 
* Includes cost of operation, general administrative expense, depletion, depreci- 
ation, drilling and other intangibles, and development costs. 
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oil was 34¢ higher and the cost of production 58¢ lower than southwestern 
Pennsylvania crude, while the average in West Virginia was 6¢ lower in 
selling price and cost 17¢ less per barrel to produce. 

Deep-sand Drilling (Table 1).—Deep-sand drilling in southwestern 
Pennsylvania reached a new high during the year with 12 wells drilled 
to the Onondaga or Oriskany horizons (L. Dev.). Four of these were 
wildcats and only one of the four (P. Dunham) has had a show in the 
Onondaga. The Oriskany here has not been reached, but as the well is 
running very low structurally it offers slight possibility of being successful. 
The other three wildcats were failures. Four wells encountered gas in 
commercial volume in the Onondaga in the Summit pool, Fayette County, 


TaBLE 1.—Summary of Deep Sand Drilling in Southern Pennsylvania 


an 1938 
C T hi Eleva-| Tully Se Oriskany Total 
younty ownship Well Gon, (Top), (Top), fae Depth, Result 
‘ : t. Ft. 
Alleghany. ...| West Deer Fred Backhaus | 1,161] 5,960 | 6,342 | 6,528-6,565 | 7,471 | Dry 
Armstrong....| Wayne Lowry Martin 1,585 Drilling 
Beaver....... S. Beaver James Smith 925 | 4,167 | 4,338 | 4,5521 4,558 | 4 mm. 
Beaver....... S. Beaver Eliz. Allen 1,153 | 4,415 | 4,566 | 4,7701 4,782 | 3.5 mm. 
Beaver....... S. Beaver Funkhouser 1,208 | 4,497 | 4,660 | 4,856 4,863 | Salt 
water 
Fayette......| S. Union Heyn No. 2 2,464 | 6,105 | 6,6571 6,770 | 3.5 mm. 
Fayette......|/ S. Union Indian Creek 2,633 | 6,238 | 6,9141) 7,103 7,161} 1.1 mm. 
Coal & Coke 

Fayette......| S. Union Piedmont Coal | 2,369} 5,910} 6,5151) 6,709-6,804 | 6,825] 2.6 mm.? 
Fayette...... N. Union J. H. Sorg 2,580 | 6,400 | 6,9251) 7,1091 7,119 | 2.83 mm.3 
Fayette...... Wharton J.R. Thompson | 2,542 | 6,760 | 7,360 | 7,556 8,159 | Dry 
Wayette... 5. Spring Hill | P. Dunham 2,192 | 6,640} 7,519 ah fe 
Washington...| Mt. Pleasant} J. McBurney 1,282 | 6,190 6,475 | 6,695-6,789 | 7,050) Dry 
Westmoreland | Penn J. 8. Marshall 1,180 | 6,980 | 7,480 | 7,647-7,753 | 7,777 | Dry 


1 Producing horizon. 3 Rock pressure 2890 lb. 
2 Rock pressure 3045 lb. 4184 M and shows salt water. 


and one of these showed more than 2 million cu. ft. of dry gas from the 
Oriskany. One well drilled by rotary and another by cable tools may 
have had a small volume of gas in the Oriskany. The fifth well drilled 
here, which is on the down-thrown side of the east flank fault, was dry. 
In the Blackhawk pool, Beaver County, three wells were completed, 
two of which proved to be commercial gassers in the Oriskany and the 
third, which is some distance down the east flank, proved to be a failure 
after encountering salt water. 

The most important discoveries from a geological standpoint were 
made in the Piedmont Coal, J. H. Sorg, and J. S. Marshall wells. In the 
J. S. Marshall the Oriskany appeared to be highly metamorphosed, 
which is indicative of the fact that if Oriskany production is to be obtained 
on structures near the bottom of the basin some faulting must necessarily 
be present in close connection with the accumulation. The J. H. Sorg 
well, which produced the first commercial Oriskany gas outside Beaver 
County to be found in southwestern Pennsylvania, is in close proximity 
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to the east flank fault of the Chestnut Ridge anticline. The Onondaga 
limestone, which heretofore has been the only productive horizon here, 
was formerly considered to be porous only as a result of fracturing, but 
cores recently obtained indicate also the presence of small solution 
cavities, which should add materially to the porosity. 

Rotary Drilling—The rotary system of drilling in southwestern 
Pennsylvania was first employed this year in drilling the J. S. Marshall 
well, Penn township, Westmoreland County. Considerable difficulty 
was experienced with this method both here and also at the Fred Back- 
haus well, West Deer township, Alleghany County, because rock bits 
did not stand up in the hard rocks encountered. However, in the 
Piedmont Coal well this trouble was largely eliminated and drilling down 
to the Onondaga limestone was accomplished in rapid time. The cost 
of wells drilled to this horizon by the rotary method should be com- 
parable to the cost of the cable-tool holes to the same horizon, and the 
drilling time much less. No difficulty on account of caving or explosive 
gas pockets should be experienced in the rotary method of drilling, all of 
which means that a deep test through the section from the Pittsburgh coal 
to the Onondaga limestone should be completed by rotary with little 
difficulty. However, as the Onondaga limestone causes such excessive 
wear on bits, the drilling cost through this formation is greatly increased. 
This increase is sufficient to make cable-tool drilling to the Oriskany less 
expensive, and since cementing technique employed on the caving 
Hamilton and Marcellus shales has been so greatly improved, and the 
cushioning of gas pockets by drilling them with a column of brine in 
the hole has worked so satisfactorily, wells drilled by the cable-tool 
method are not only less expensive but also fairly sure of reaching their 
objective. Thus the rotary system has been abandoned, temporarily 
at least, probably until it is necessary to attain greater speed in drilling 
to the Onondaga, at which time combination rigs will be used and cable 
tools employed to drill through the Onondaga limestone. 

Exploratory Work.—Seismograph work has been done in a number of 
new areas in Alleghany, Armstrong, Beaver, Butler, Fayette and West- 
moreland Counties and some results have apparently been obtained, as 
several large blocks of acreage are being held as a result of this work. 
One new deep test in Rochester township, Beaver County, is soon to be 
located on a seismograph high. 

Pipe-line Activity—The largest pipe-line project in recent years is 
under way in Greene and Fayette Counties, where the Carnegie Natural 
Gas Co. is building a line to bring gas from the Summit pool to connect 
with its existing lines near Waynesburg, Greene County. This line is 
approximately 27 miles of electrically welded 8-in. with a capacity of 
25 million cu. ft. per day. It is notable that every modern method of 
construction is being employed in laying this line. 
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Prosrect For 1939 


Shallow oil development should be resumed when and if the price 
improves. Little untested acreage apparently remains to be drilled, 
but it seems possible that some opportunities for repressuring exist. 
The search for new gas reserves, particularly in the deep sands, should 
continue, depending upon the result shown by the Wayne township, 
Armstrong County, deep test and the attempts that will be made to 
extend the Summit pool in Fayette County, as it is generally believed 
that the present gas reserves are altogether inadequate to supply the ~ 
demand in case of resumption of normal industrial activity. In this 
search for deep-sand gas, extensive surface and subsurface geological 
work should prove invaluable in selecting potentially productive areas. 
In fact, should a very small proportion of the expenditure made for geo- 
physical work be expended for the former, some highly wished for results 
should be obtained. 


Oil and Gas Developments in Tennessee in 1938 


By Kenpatu E. Born,* Junior Memper A.I.M.E. 
(New York Meeting, February, 1939) 


Propvuction of crude oil in Tennessee during 1938 was slightly more 
than 41,000 bbl., an increase of about 5000 bbl. over 1937. The produc- 
tion by counties and by fields is shown in Table 1. 

The increased production has resulted from continued activity in 
the Upper Cumberland district, especially in Clay County. The 
‘‘Mississippi lime”? production in Scott and Morgan Counties continued 
to show a further decline with a 1938 production of 12,379 bbl. as against 
14,644 bbl. during 1937. Small scattered production from some half 
dozen wells in Clay, Pickett, and Fentress Counties, on which there are 
no accurate figures, is estimated at 500 bbl. during the year. 

The only natural gas marketed off the lease in Tennessee during 1938 
was in Morgan County, where a small amount was furnished for the town 
of Sunbright and immediate vicinity. The gas occurs with the oil in 
the Boone Camp field and small amounts were put on the line from the 
near-by Coon Hollow and Seabolt pools. 


DEVELOPMENTS 


There were 88 wells spudded in during 1938, of which 10 were 
drilling or only temporarily shut down on Dec. 31, 1938. Eighty wells 
were completed during the year; 16 produced oil and 3 were gas wells 
of undetermined quantity. The total footage drilled on 1938 completions 
was 63,385 ft. Flush production during the year totaled 850 bbl. per 
day. The more important wildcats are listed in Table 2; the distribution 
of oil and gas tests drilled during the year, according to physiographic 
divisions, is given in Table 3. 


Cumberland Plateau 


There were no completions in the producing pools in Scott and 
Morgan Counties. The decline in production in these areas has been 
steady for the past several years. In an effort to revive production, 
present plans include a repressuring program in the Boone Camp field 
in Morgan County early in 1939. There was one completion in Morgan 


Manuscript received at the office of the Institute Feb. 15; revised April 28, 1939. 
Published with the permission of the State Geologist. 
* Assistant Geologist, Tennessee Division of Geology, Nashville, Tennessee. 
402 


KENDALL E. BORN 403 


County. This test, drilled to 1720 ft., found gas in the Lower Mississip- 
pian, but the well was not commercial. 

Detailed surface and subsurface studies have been carried on during 
the year by at least one major oil company in the northern part of 
the Cumberland Plateau. This general region will probably receive 
considerable attention during 1939. An active leasing campaign is 
under way. 


Northeastern Highland Rim 


As usual, the area of most active drilling operations during 1938 
was the Upper Cumberland district, including Jackson, Clay, Pickett, 
and Fentress Counties. In this general region production is obtained 
at relatively shallow depths from the Trenton, Black River, and Stones 
River groups of limestones of the Middle Ordovician. In this district 
there were 69 completions with 14 oil producers and 3 undeveloped gas 
wells. The production from this district was 28,845 bbl., a gain of about 
6000 bbl. over 1937. 

Clay County.—Three new producing areas were discovered in Clay 
County during the year, two of which are west of the Cumberland River 
and represent the first commercial production in the western half of the 
county. During the spring of 1938, a test about 3 miles south of Celina 
found production in the Lebanon limestone at a depth of 452 ft. The 
initial was about 50 bbl. per day. Two other wells encountered pays 
below the Pencil Cave. At the end of the year five wells had been drilled 
in this field, three of which pumped 4000 bbl. in about 6 months. Produc- 
tion was found at 450 ft. in a test drilled in the Turkey Creek area, just 
north of Tinsleys Bottom. Production difficulties were encountered in 


TaBLE 1.—Oil Production in Tennessee for 1938 


Age, | Produce | Produc Producing Formation 
Years | tion in | tion jn | Number Strice 
3 Field, County to End wea, | iega, of Wells me ae 
0 umpet ar- | Poros- 
S 1938 he ee Name Age? | soter/ ity? 
a 
1 Glenmary, Scott............|22 4,629 4,674 4 Glenmary MisU| L Fis AF 
2} Boone Camp, Morgan....... 14 1,860 1,392 12 Boone Camp MisL | LS Fis ue 
3 | Seabolt, Morgan............|10 2,175 1,564 3 Boone Camp MisL | LS Fis 2h 
4 Coon Hollow, Morgan...... 9 5,980 5,749 4 Boone Camp MisL | L Fis 7 
5 | Beaty, Fentress....... Bes 144 lace | 1,20r 1 | Sunnybrook Ord L Fis D 
6 | Tinsl Bottom, jay- ; 
See Be liaieieh Caevgomncrerre A 14 2,005 100 2, Tinsleys Bottom Ord L Fis D 
7 | Jouett Creek, Pickett....... 12 530 | 1,100 2 | Tinsleys Bottom Ord L | Fis | D 
8 | Pine Branch, Clay.......... 1% 6,993 | 12,000 5 Tinsleys Bottom Ord L Fis D 
9| Hargrove, Clay............ 2 10,250 1,250 4 Tinsleys Bottom Ord L Fis D 
10 | Goodpasture Bend, Clay....| 14% 500 7,300 2 Tinsleys Bottom Ord L Fis D 
11 | Irons Creek, Clay.......... 11 640 1 Tinsleys Bottom Ord L Fis A 
12 | Arcott School, Clay........ 6 mo. 4,000 3 Tinsleys Bottom Ord L Fis D 
13 | Turkey Creek, Clay.. ..| 6mo. 400 1 Tinsleys Bottom Ord L Fis A 
VAN CelinaeClayin, west. .s- 60s 1mo. 285 1 Sunnybrook Ord L Fis D 
15 | Lock Branch, Jackson...... 11 270 il ieee pore ‘| Ord L Fis D 
16| Scattered, Clay, Pickett, insleys Bottom an : 
Ranbeat : 5ax baa 5 Sunnybrook Ord L Fis |A&D 


* Footnotes to column heads and explanation of symbols are given on page 240. 
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this well and the total production for 1938 was only 400 bbl. In Decem- 
ber, a 75-bbl. producer was drilled in just north of Celina. The produc- 
tion is from the Cannon limestone of the Trenton at a depth of 240 to 
242 ft. This well has attracted considerable attention and since Jan. 1 
three additional producers have been completed. Of the 46 completions 
in Clay County, 11 were producing wells. 

Fentress County.—In the northwestern part of this county, a test 
well found small production at 614 ft. in the lower part of the Trenton. 
In all, there were seven completions in Fentress County, two of which are 
gas wells in an undeveloped gas area southwest of Jamestown. At the 
end of the year plans were under way to pipe the gas into Jamestown, 
the County seat. 

Jackson County.—The only production in Jackson is in the Lock 
Branch field, where less than 300 bbl. was pumped during the year. 
There were nine completions in 1938, two of which tested the upper part 
of the Knox dolomite group. One new well in Tinsleys Bottom pumped 
about 30 bbl. before it was abandoned. 

Pickett County.—One oil well was drilled in Pickett County in the old 
Jouett Creek field. Production, rated at 20 bbl. flush, was found at 
540 to 545 ft. in the lower ‘‘Sunnybrook”’ pay near the base of the 
Hermitage formation. This well pumped 1100 bbl. during the year. 


TasBLE 2.—Important Wildcat Tests Drilled in Tennessee during 1938 


Well : . Total | Surface | Deepest 
Well Name | No, | County Location Drilled by |Depth,! Forma- | Formation Remarks 
5 \< tion Tested 


O.N. Cherry...} 1 | Clay oe Arcott school, 3| W. P. Clements| 663 | Catheys | Ridle: Oil; 50 bbl. flush at 
A 


es south of} etal. (Ord) (Ord) 452 in Lebanon 
Celina limestone; discov- 
ey ees in Arcott 

e 

Kyle & Vaughn.} 1 | Clay 34 mile northwest | J. H. Overstreet | 242 | Catheys | Cannon | Oil; 70 bbl. flush at 
of Celina et al. (Ord) (Ord) wd to es ft. in 

Donaldson Heirs| 1 | Clay 34 mile northeast of | Jesse Ashby et | 1,456 | Cannon | Upper Ne thee ee 

E Celina al. (Ord) ‘anadian| baseof the Trenton 

R. V. Davidson.| 1 | Morgan|2 miles south of | Messer et al. 1,720 | Pen e Gas shows in “ Mis- 

; Deer Lodge . (Mis) sissippi lime” 

Clay Richardson | 1 | Jackson | Northeastern part | Carter & Weil | 1,702 | Osage Upper Black sulphur water 
of County; }4 mile (Mis) Canadian| in upper part of 
northwest of Pleas- Knox dolomite 

Cinda Sell 1 | Pickett ait ie rofl t | J Ashb; to ean 

inda Sells..... cke miles northwest | Jesse Ashby et | 1,660 | Osage Upper No encouragi 
of Forbus al. (Mis) ‘anadian shows. below. the 
’ ton 

Granville Cooper} 1 | Fentress} Above the mouth of | H. A. Cotton et | 1,710 Osage Upper No oil h bg) 
Little Crab Creek, | al. (Mis) ‘anadian| the Trenton: id 
6 miles west o! the Stones River 
Jamestown group 

Henry Harrell.,.| 1 | Ruther- | Southeastern edge | Basin Oil & Gas} 651 | Murfrees-| Upper Fresh water in the 

ford of Murfreesboro Co. boro Conadan upper part of the 
(Ord) ox dolomite 

J.§. Banks..... 1 | Coffee | East-central part of | Edmund Dee et | 1,022 | Cannon | Upper Oil; “al produc- 
county; 1 mile} al. (Ord) | Canadian | tion in lower ‘‘Sun- 
northeast of Noah Hehe ” at 110 to 

Linda Morris. , .| 1-C | Lake Southern t of | Henderson Oil | 3,180 | Recent | Ordovician| Top ms Paleozoic 
county at Madie | Co.- or Older? | floor at 2,494 ft. 


(driller’s log) 


—~ - 


KENDALL E. BORN 405 


The well in northwestern Pickett County, reported last year,! which 
_ found saturation 1334 ft. below the base of the Chattanooga shale, has 
never been put on pump. This test, however, has been responsible for 
renewed interest in the deeper possibilities of the lower Ordovician in 
the Upper Cumberland district. During the year, seven wells were 
completed in the upper part of the Knox dolomite group of Canadian 
age. The objective of these wells was to test the so-called ‘St. Peter 
sand.”” Only shows of oil and gas were encountered. Recent detailed 
subsurface studies by the writer show definitely that the sandy horizons 
(St. Peter sand’’) penetrated by some 50 wells throughout middle 
Tennessee are not zones with a definite stratigraphic position but rather 
represent sandy horizons in rocks of Canadian age. Although a rather 
widespread porosity for these arenaceous horizons has been proved 
by a number of oil and gas tests drilled in middle Tennessee, little definite 
information is available on its possibilities as an oil and gas producer. 
Very few of the test wells have been located with regard to structural 
conditions. Some 20 or 25 wells have reported good shows or have 
produced small amounts of oil from these horizons. 


Middle Tennessee 


There were eight completions in middle Tennessee during 1938, two 
of which were small producers. Late in the year, a test in northwestern 
Coffee County, on a structure previously mapped by this Division, 
encountered oil at 110 to 120 ft. in the Hermitage formation of the lower 
Trenton group. A second well near by was dry, but the third well 
entered the same pay at 107 to 114 ft. Both wells were treated with acid 
and are small producers of less than 5 bbl. each. No figures are available 
on this production for the year. 


TasBLe 3.—Physiographic Distribution of Wells Drilled in Tennessee 


in 1938 
In 
Physiographie Division County Wildcat Proven | Oil Wells | Gas Wells 
Fields 
Cumberland Plateau............. Morgan 1 0 ) 0 
Northeastern Highland Rim....... Clay 34 12 11 1 
Jackson 8 1 1 0 
Pickett 6 2 1 () 
Fentress 5 il 1 2 
Eastern Highland Rim........... Warren 1 0 0 0 
Northern Highland Rim.......... Sumner 3 0 0 0 
Wentraleasinie: © aati meee. hue Coffee 1 2 2 0 
Wester Valleyaqic. ce. ees whe ee Perry il 0 0 0 
Mississippi Embayment.......... Lake 2 0 0 0 
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West Tennessee 


In the Mississippi embayment of western Tennessee the Henderson 
Oil Company’s Linda Morris 1-C, temporarily suspended in December 
1937 at 3180 ft., was abandoned at this depth early in 1938. The driller 
logged the top of the Paleozoic floor at 2494 ft. The same company’s 
Linda Morris 1-D was abandoned at 2452 ft. in the top of the Paleozoic 
group. A well just east of Tiptonville, at the south edge of Reelfoot Lake, 
is now drilling below 3100 ft. This test, which entered the Paleozoics 
at 2230 ft., is a particularly significant one since fossils have been found 
which permit a definite determination of the Paleozoics drilled to date. 
This information has not been officially released. 

During the year, there has been a definite revival of interest in the 
oil and gas possibilities in the upper part of the Mississippi embayment. 
A considerable amount of geophysical work, both with magnetometer 
and seismograph, has been carried on in this region during the year. 
Some of this exploration has been followed by leasing, and as this paper 
goes to press several sizeable blocks of acreage have been recorded. The 
inquiries for data on this general area received by this Division point 
strongly toward considerable activity during 1939. 
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Development and Production in East and East Central Texas 
for 1938 


By D. V. Carrer* anp FRANKLIN M. Hacxsuscut 
(New York Meeting, February, 1939) 


BEGINNING the year 1938, the East and East Central Texas district 
comprised 48 counties, which is equivalent to the Texas Railroad Commis- 
sion districts 5 and 6. At the close of the year there were 46 oil and gas 
fields in this district. Eight other fields, seven oil and one gas, have 
been abandoned. 


EXPLORATORY DRILLING 


During the year, 113 exploratory wells were drilled. Nine discoveries 
were made, five of which proved to be oil fields, three distillate, and one 
gas. Completions for the district were 2043 oil wells (distillate wells 
included), 36 gas wells and 163 dry holes. Exclusive of the East Texas 
field, the Marion County extension of the Rodessa field led the district 
in the number of completions during the year. 


PRODUCTION AND PRORATION 


All fields in the district produced a total of 182,369,484 bbl. of oil, 
a decrease of 12.57 per cent compared with the 208,594,453 bbl. produced 
during 1937. The East Texas field produced 148,189,913 bbl., which 
was 81.6 per cent of the district’s production for 1938. November 
daily average oil production for the East and East Central district was 
469,102 bbl. The estimated cumulative production to Jan. 1, 1939, 
for this district was 1,753,894,802 bbl. It is estimated that the East 
and East Central district produced 38.9 per cent of the state’s total 
production for the year, which was 468,781,632 barrels. 

The decrease in 1988 production, as compared to that of 1937, in this 
district was partly due to the Saturday and Sunday shutdowns, 71 days 
for the year, which is equivalent to 19.45 per cent of the year. All fields 
in this district were affected by shutdowns except the Texas portion of 
the Rodessa field, which was shut in only during January and February. 
Certain wells were exempt from these shutdowns because of special pro- 


Manuscript received at the office of the Institute April 14, 1939. 
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ducing conditions or where wells furnished gas for domestic fuel purposes, 
but their weekly production was reduced in proportion when possible. 

Table 3 gives the effective dates and the monthly average reservoir 
pressures, Saturday and Sunday shutdowns, and production by months 
for the year for the East Texas field, as reported by the Texas Rail- 
road Commission. 

The average reservoir pressure in December 1938 was 1109 lb., or 
10 lb. under the pressure in December 1937, which is equivalent to a 
pressure decline in the order of 0.067 lb. per million barrels of reported 
oil produced. The average reservoir pressure for the year 1938 was 
1117 pounds. 

No material changes were made in the daily per well allowables for 
fields in this district except in the Taleo and Sulphur Bluff fields, where 
the changes were as follows: 


| 
Dec. 10| Dec. 31 


Field Jan. 1 | Mar. 1 Apr. 1 | May 6 Aug. 1 
Talcos barrels snc heeercow es 46 50 53 52 65 
Sulphur Bluff, barrels........... 65 50 87 85 | 85 


DISCOVERIES AND EXTENSIONS 


The Navarro Crossing field, in northwest Houston County, is believed 
to be the most important oil discovery made in the district during the 
year. The discovery well, Humble Oil and Refining Company’s No. 1 
Dailey, J. L. Riviere survey, was drilled to a total depth of 5921 ft. and 
completed in the Woodbine sand at 5786 ft. Initial production was 
296 bbl. of 45° gravity* oil per day on 14-in. choke with a gas-oil ratio 
of 4420 tol. At the endof the year approximately 500 acres were proved 
for oil production and approximately 2000 acres proved for gas. 

The Collinsville field, Charles Quillan survey, Grayson County, was 
discovered by the Mildred Oil Co. when its No. 1 L. C. Netherly was 
drilled to a total depth of 4043 ft., plugged back and completed in the 
Strawn sand at 3868 ft. for an initial production of 269 bbl. of 29.3° 
gravity oil per day on pump. 

J. R. Bunn et al., No. 1 J. H. Bowling, W. Walters survey, Cherokee 
County, was completed as the discovery well in the Lone Star field at a 
total depth of 4008 ft. in the Woodbine sand. The initial production 
was 86 bbl. of 35° gravity oil and 1000 M cu. ft. of gas per day on 3¢-in. 
choke—accompanied by a small quantity of salt water. 

In the Talco field, Franklin and Titus Counties, the Magnolia Petro- 
leum Co. completed its No. 3 J. A. Chapman, George Dyer survey, in 
the Paluxy sand, for an initial production of 210 bbl. of 21.2° gravity 


* All oil gravities given in this paper are A.P.I. 
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oil, no water, per day on pump. This well represents an eastward exten- 
sion of approximately 1g mile. Early in 1939, the Humble Oil and 
Refining Co. completed its No. 1 T. G. Temple in the Paluxy sand for 
an initial production of 399 bbl. of 18.66° gravity oil per day on pump, 
eck further extended the eastern limits of the Talco field approximately 
14 mile. 
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Bethany Area, Panola County, the Texas Company’s No. 1-C, T. C. 
Adams, in the Thomas Cox survey, was drilled to a total depth of 11,303 
ft. in salt, and after plugging back to 5735 ft. was completed as a distillate 
well in the Pettit limestone (Lower Glen Rose). Initial production was 
358 bbl. of 62° gravity water-white distillate per day, accompanied by 
17,900 M cu. ft. of gas per day through 2}4-in. open tubing. 
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Tasie 1.—Oil and Gas Production in East and East Central Texas 


Area Proved, . . Total Gas Production, 
yokes Total Oil Production, Bbl. |" °Nyitions Cu. Ft. 


Field, County Dis- 
8 : a| To End of During | To End of | During 
z ee 1938 1938 1938 1938 
Zz 
o 
A= 
Ni 
2°) Bolivar, Denton teenie cuccik gales cutee te 1937 600 200 3,922 2,282 y y 
2 | Boggy Creek, Cherokee................- 1927 960 0 4,670,258 121,093 y y 
3 | Bosque, South; McLennan............. 1902 2,500 0 96,754 3,865 0 0 
4) Butfalo: Peon ie. scenic nsce on perenne 1934 10 0 2,783 2,783 y y 
5: | Carthage! Panola. sce oc.0.% osiiie vieelele 1936 1,000 0 25,526 10,273 1,692 595 
6 | Cayuga, Anderson and Henderson....... 1934 4,000 | 9,000} 10,263,866 3,110,362 | 34,390 6,667 
72} Chapel Hill) Smite sss d, oo Weanesirences 1938 r z 14,642 14,642 257 257 
8 | Collinsville,? Grayson..........-...-.-- 1938 100 0 12,064 8,648 y y 
9: | Gorsicana;*: Navarro: : 2c. -celccs ten cae 1895 6,710 0} 13,908,929 152,803 x z 
LOul Currie! Navatyon one «ns: 2. etter as 1921 475 0 6,789,814 37,285 x z 
11 | East Texas, Cherokee, Gregg, Rusk, Smith, 
Oe Rete,» admar a Sainte a8 a ty 1930 | 136,000 | 2,000|1,300,457,160 |148,189,913 x x 
12 | Flag Lake, Henderson.................. 1937 1,280 0 137,959 133,920 210y y 
43} Ginter, ARGONNE IIS nus cetow nde Bees slchs 1937 60 0 8,922 5,579 0 0 
14 | Grapeland,! Houston.................-. 1936 lLyyy 0 25,277 23,945 y 
15 | Groesbeck, Limestone.................5 1924 0 60 y y 
16 | Hemby,! Anderson............--+-0,0- 1938 100y 0 350y 350y 102 102 
17 | Huntington, Angelina.................. 1935 100 0 7,573 2,628 0 0 
18:| Joaquin Shelby. con aasteaeeee aac eee 1936 6yy 6yy 2,445y 1,254 119 27 
19) | Lone Star, Cherokee. ...0).,. ones on 1938 100 0 6,239 6,239 y y 
20 | Long Lake, Anderson, Freestone......... 1933 | 10,000 0 1,738,695 669,551 | 25,979 5,709 
DLs) Goths MAM a wee sonicsta soe ether heaters 1937 300y 0 14,300 8,409 0 0 
22 | Mexia, Limestone... .-| 1920 3,920 0} 96,059,812 667,631 x x 
23 | Mount Calm, Hill........ ..| 1929 10 0 y y 0 0 
24 | Nacogdoches, Nacogdoches.............. 1865 y y 424,51 6y 1,314 0 0 
25 Navarro Crossing, Haustonins so eee 1988 500 | 2,000 25,644 25,644 100 100 
26 | Nigger Creek, Limestone................ 1926 170 0 2,998,965 155 0 0 
27 | Opelika,® Henderson..o...cc.seccescees 1937 lyyy 0 24,547 22,042 448 422 
28 | Panola® (Bethany), Panola............. 1921 60 | 23,000 91,118 9,508 | 145,000 2,500 
201 Percilla, Wousten.:. 3.2 cn anesunkem os 1937 lyy 0 19,035 7,183 y y 
GO| Post Oak Faun: 'c,..c!Petscter acters vate: 1924 20y 0 190,205 730 0 0 
31 | Potter (Caddo), Marion............... 1905 980 0 7,626,395 35,746 y y 
B2|) POttsboro, Graysons vies ecek can vein os 1928 20y 0 7A71y 1,551 350 (No gas 
produced 
since 
1934) 
SS | Powell Navarro; casas csws tater ace: 1923 2,600 0} 108,508,391 733,051 z 2 
34 | Red Lake, Freestone.................... 1934 0 | 2,550 1,340 300 
85 | Richland, Navarroy.........c0.sesce.s- 1924 440 0 6,625,915 6,562 zr x 
36 | Rodessa (Dees-Young), Cass............ 5,011 | 3,250} 18,530,266 | 5,867,634 | 42,566 20,537 
87 | Rodessa (Gloyd), Marion.............. 1987 | 4,036 | 10,150 3,172,768 | 3,172,768 5,711 5,711 
38 | Rodessa (Gloyd), Cass................. 1936 1,884 | 10,152 5,376,835 2,311,183 | 12,801 9,245 
$0) RodedsaS Totaly ivsruacie ae aeons on 10,931 | 23,552) 27,079,869 | 11,351,585 | 61,078 35,493 
40°} Rusk, :Cherohea tauren eter 200 0 242,537 18,524 0 0 
41" | Satin, Malley <;acteome aes Oh. yee et 10 0 1,630 70 0 0 
42 | Shelbyville, Shelby..................0. 50 0 10,423 598 0 


Footnotes to column heads and explanation of symbols are given on page 240. 
1“ Distillate” wells. 


2 Oil produced from well drilled and abandoned in 1937 an Haihere distance from discovery well drilled in 1938, 


? This includes Mildred, Angus-Edens, Hodge, Burk, Rice, Oil Rid, d Old Powall “se 
4 Currie field figures include N. Currie. . Babs LU, MAGES. Ba owell Shallow 


in ha ae 1938, 5582 bbl. of 38.9° gravity oil was produced from discovery well. Balance of production was from gas 
istillate well. 
6 Nacatoch 1100, gas; Buckrange 1700, oil; Barlow 2300, gas; Ad: 2650, gas; Tiller (Pal 2300, gas; 
gas; Jeter (Glen Rose) 5700, gas; Pettit gas. . ~~ pes: Tien Peale G0), eas Weer Re 
7 This includes shallow eer oe discovered and produced since 1923 in the Powell Woodbine producing area. 
8 Rodessa (Dees-Young), Cass County, gas estimated from 1800 cu. ft. gas per barrel of oil for years 1936 and 1937; 
3500 cu. ft. gas per barrel of oil for year 1938. (Gloyd), Marion County, gas estimated from 1800 cu. ft. per barrel of oil 


since discovery. (Gloyd), Cass County, gas estimated from 1200 cu. ft. gas per barrel for year 1936 and 1937, 4000 cu. ft. 
gas per barrel of oil for year 1938. 


a eel 
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Approximately 8 miles west of the East Texas field, in eastern Smith 
County, H. L. Hunt, Inc., No. 1 8. H. Bradley, T. Payne survey, was 
completed in the Glen Rose at a total depth of 7528 ft., for an initial 
production of 72.6 bbl. of 62.8° gravity distillate and 850 M cu. ft. of 
gas per day through 14-in. choke. Gas from this well is used for gas- 
lift purposes in the East Texas field. 


TasLEe 1.—(Continued) 


5 : Character of Oil, 
Number of Oil and/or Gas Wells ves romston ag Pressure, Lb. per Sq. In.¢ Approx. Average 
Sea during 1938 
During At End of Average at Gravity A.P. I. 
1938 1938 Number of Wells End of at 60° F. 
| pleted 
pe Initial 
2 toEnd) 3 || » 20 as ; ee 
z oraiss ais S ise a & 45 1937 1938 Weighted Average 
© g|s| Ba |sal = g a 
3 S ia fo Aol es | 2 | SS 
1 7 1 0 3 3 3 2 0 y y y 40.2 
2 33 0 1 20 0 0 20 y20 650 y y 38.5 
3 37y 0 y 37 0 0 37 0 y y y 41.0 
4 5 1 0 1 4 1 0 0 y y y 24.7 
5 0 0 4 0 4 0 0 2,660 y y 64.7 
6 283 63 0 250 33 283 0 221 e1,750 e1,580 1,535 28.6 
7 1 1 0 1 0 1 0 0 2,900 0 y 62.8 
8 2 1 0 2 0 0 2 0 390 y y 29.3 
9] 2,9387y 0 7] 646 0 0 646 0 y y y 27.5 
10 54y 0 0 13 0 0 13 0 y y y 40.5 
11 | 26,083 | 1,703 |208 | 25,588 14/ 19,164 | 5,746 | 67820 e1,620 e1,119 e1,109 39.0 
2 14 13 0 13 1 7 if 0 1,394 y y 37.0 
a 4 1 0 2 0 0 2 0 y y y ae 
14 4 0 0 1 3 4 0 0 y y y {8 ‘5 \ 
5 01-0 0 5 Gas only 875 y y as only 
16 1 1 0 1 0 1 0 0 2,200 0 y 59.2 
17 11 0} 0 7 0 0 7 0 y y y a 
18 5 1c 4 1 a8 so | Oo 2,550 0 y { feet 
0 3 0 1 0 0 1,375 0 y 35.0 
a ae 3d 0 109 0 107 0 320,21 2,440 2,295 2,300 41.0 
21 3 1 y 3 0 0 3 0 y y y 29.3 
22 552 0 0 242 0 0 242 0 y y y 35.0 
23 0 1 0 0 0 1 0 y y y 31.3 
24 Ay 0 y 37 0 0 37 0 y y y 23.0 
25 7 uf 0 4 1 rd 0 0 2,640 0 y 34.6 
1 0 0 iu 0 y 0 0 40.0 
2 Ze : z 1,250y 38.9 \ 
27 2 0 0 2 0 1 0 1 "950 y 7] 58.7 
2: 2 ey 137 121| 254 4 0 y y y , 
os se On 6 1 0 1 0 0 y y. y es 
30 y A a 1 0 0 1 0 y y y 30. 
31 60y y y 24 0 0 24 0 y y y 40.0 
32 14 1 2 0 0 2 0 300 y y 38.8 
1600 | 0| | t69| 0 800 y y 37. 
gies 0-0 peer: Gas only] 1,885 y ¥ ares 
2 0 0 2 y y : 
33 on : . 264 5 199 25 45 €2,700 e1,701 e1,127 42.1 
125 9 121 9 4 e2,700 2,677 €2,309 42.0 
- 3 72 0 70 2 3 e2,700 e2,107 e1,371 42.0 
39 484 114 | 9 461 14] 390 86 | 52 sta 
40 5 0| 0 2 0 0 2! 0 y y y 42.0 
41 2 0 0 1 0 0 1 0 x 0 0 Hee 
42 2 0|/ 1 1 | 0 0 1 0 y y y f 


Gas lift. , 
21 Gas injection into reservoir. 
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In Gregg County, 44 mile south of Willow Springs (Greggton) and 
approximately 14 mile east of the producing limits of the East Texas 
field in the M. Mann survey, the Humble Oil and Refining Co. and the 
Gulf Oil Corporation completed their No. 1 E. Robertson as the dis- 
covery well for the Willow Springs field. This well was drilled to a total 
depth of 10,284 ft. in the Trinity. After being plugged back to 7910 ft. 


TaBLE 1.—(Continued) 


Deepest Zone Tested 


Producing Formation _ to End of 1938 
Depth, Average 
in Feet 
Net Thick- Depth 
3 Name Agee |.2 © a ness, Aver- Struc- Name of Hole, 
g ae oe acter =, | age in Feet ture Ft. 
San =] = 
@ S83 /23 8 Z 
5 BaF] Sas A 
1 | Cisco Pen 1,682 | 1,630 8,L y 25 AF | Ellenberger 2,530 
2 | Woodbine CreU 3,666 | 3,632 5 25 34 DS | Fredericksburg 4,648 
3 | Basal Walnut CreL 475} 450 DL 22 3 AF | Trinity 1,800y 
4 | Woodbine CreU 5,695 | 5,285 8 11 30 D Washita CreL 6,140 
5 | Glen Rose CreL 5,940 | 5,934 L 23 15 D_ | Travis Peak 6,019 
6 | Woodbine CreU 3,758 | 3,680 8 25 78 AF | Trinity 9,085 
7 | Glen Rose CreL 7,528 | 7,485 NS) y 10 A Glen Rose 7,528 
8 | Strawn Pen 4,219 | 3,848 8 vy 20 ML | Strawn 4,219 
9 | Nacatoch-Navarro CreU 1,260} 800 Ss y 12-20 AF | Woodbine 3,570 
10 | Woodbine CreU 2,990 | 2,930 Sh 22 20 F Woodbine 3,646 
11 | Woodbine CreU 3,665 | 3,632 Ny} 25 35 a Paluxy 5,020 
ine 
12 | Woodbine CreU 3,105 | 3,085 8 20 10 AF | Travis Peak 6,518 
13 | Carrizo Eoc 2,200 | 2,186 8 7] 10 ML | Wilcox 2,265 
14 | Woodbine CreU 6,025 | 5,975 8 25 40 A Woodbine 6,033 
15 | Woodbine CreU 2,960 | 2,945 Sh 20 15 F Woodbine 3,208 
16 | Woodbine CreU 5,487 | 5,458 8 y 29 Woodbine 5,487 
17 ri oe a Eoc rene pe 8 y 3 ML | Mt. Selman 1,490 
pper Glen Rose i | 
18 {Lower Glen eo CreL, 5,138 E07} L y {30} D Glen Rose 5,138 
19 | Woodbine CreU 4,010 | 4,006 8 y 5 F Woodbine 4,015 
20 | Woodbine CreU 5,250 | 5,170 8 25 32 A Trinity 9,966 
21 | Buda-Upper Washita | CreL 1,250 | 1,275 DL y 10 F | Edwards 1,500 
22 | Woodbine CreU 3,085 | 3,000 Sh 25 50 F | CreL or Older 8,847 
23 | Austin chalk CreU 700} 607 C y 8 F_ | Travis Peak 3,398 
24 | Weches Eoc 100 80 Sh y y ML | CreL 5,484 
25 | Woodbine Crey | 5,805] 5,974 | 8 |ai-2a| { Gas 83\| D_ | Woodbine 5,895 
26 see CreU 2,870 | 2,820 8s 25 15 F | Woodbine 3,509 
27 { Gin yc | CreL 8,028 | 7,195 Ls y v A | Travis Peak 9,320 
28 | Various® CreU,L} 5,700} 1,100 §,L y 40 A Salt 11,303 
29 | Woodbine CreU 5,670 | 5,665 8 y 5 A Del Rio, CreL 6,634 
30 | Buda CreL 1,046 | 1,025 L y 10 F | Trinity 3,567 
31 | Nacatoch-Tokio Cre | {Feel aso; 8 | 20] 15 A | Tokio, CreU 2,366 
82 | Trinity (Basal) CreL 838] 830 8 y 8 MU | Ordovician or Older} 6,004 
33 | Woodbine CreU 3,000 | 2,925 Sh 25 40 F | Trinit 6,506 
34 | Woodbine CreU 4,950 | 4,850 5 y 25 A | Woodbine 5,002 
35 | Woodbine CreU 3,040 | 2,975 Sh 25 20 F | Glen Rose 5,414 
36 | Dees-Young, Lower | CreL 5,834 | 5,794 L 17 25 F 
Glen Rose 
87 | Gloyd, L. Glen Rose | CreL 6,094 | 6,044 LS 20 30 F 
: Gloyd, L. Glen Rose | CreL 6,000 | 5,914 8 16 20 F 
; Salt-CreL or Old 
40 | Woodbine CreU 5,125 | 5,120 Sy} 20 10 MU_ | Woodbine ahaa vf oe 
41 | Buda CreL 1,160 | 1,000 L 20 20 AF Glen Rose 1,409 
42 | Blossom CreL 2,700 | 2,690 §8,L y 10 ML | Georgetown 3,400 


——————  ———  ——  —— —— —————  — ——— —  eeeeSsFSESESSe 


ee 


D. V. CARTER AND FRANKLIN M. HACKBUSCH 413 


it was gun-perforated at 7244-7286 ft. and completed in the Glen Rose 
for an initial production of 170 bbl. of 56.4° gravity distillate with 17 ,000 
M cu. ft. of gas per day. The same operators completed their No. 1 
Porter Horton in the Glen Rose at 7252-7278 ft. as a distillate well for 
an initial production of 360 bbl. of 57.5° gravity distillate and 36,000 M 
cu. ft. of gas per day. No. 1 Porter Horton is in the H. G. Hudson 
survey, }4 mile south of the discovery well, and approximately the same 
distance east of the East Texas field. These wells furnish gas for gas- 
lift purposes in the: Kast Texas field. ; 
In Anderson County, H. L. Parson’s No. 1 H. B. Hemby, in the J. 
Gossett survey, was drilled to a total depth of 5487 ft. and completed as 
a gas well with an initial production of 21.5 bbl. of 59.2° gravity distillate | 


TaBLE 1.—(Continued) 


Area Proved, . . Total Gas Production, 
Anes Total Oil Production, Bbl. Millions Cu. Ft. 
Year 
of 
Field, County Dis- 
cov- 
ke ery . To End of During | To End of} During 
4 OO Ne tes 1938 1938 | 1938 
a 
o 
A= 
= —— 
43° | Sulphur Bluff, Hopkinss>.............- 1936 728 0 3,400,912 1,645,707 0 0 
447\"Taleo, Titus, Franklin...ccc. <0. .6-005- 1936 8,343 0} 20,702,872 9,476,491 0 0 
45 | Trinity (Kittrel), Houston.............. 1934 280 0 1,309,860 211,659 y y 
Ga AM AV OU LARE career «ic%s wineries sic 35 <= 1929 4,521 0} 116,084,363 5,562,017 y y 
47 | Van (Shallow), Van Zandt............. 1933 200 0 235,046 32,566 y y 
ABs OR STC Eis ie te ce 4,721 0] 116,319,409 | 5,594,583 y y 
AQ Waskom, Hartson. ..c0-+.0-s0+cs++s 0+ 1924 1,500 | 6,000 35,717 19,746 | 92,685 2,132 
50 | Willow Springs,! Gregg...............-- 1938 7] & 2,305 2,305 23.5 23.5 
51 | Wortham,® Freestone...............660- 1924 715 0} 22,526,556 31,275 z x 
52 BE UPLLMOARrs alave Reaiay ayeusicicreyeete ars: Saiajsves cys ; 1,752,421,282y |182,369,484y] 363,772. 5y| 54,327. 5y 
ees ip ee fae aa 4 ae P . : 
53 | Beulah (Lee-Tex),!! Angelina........... mo. 
54 | Camp wie se ek SASIean S eeyersnes 3 yr. 200 0 286,414 0 0 0 
55 | Cedar Creek,!* Limestone.............. 4 yr. 30 0 297,945 0 0 
56 | Chatfield,!4 Navarro..... pail oly rs 0 150 4,750 0 
57 | Deberry,!> Panola... sale 2. YEs 100 50 29,166 0 0 0 
58 | Kosse,16 Limestone. . 8 days 10 0 33,000 0 0 0 
59 | Tacoma, Panolal?.......... , 5 yr. 40 0 15,750 0 0 0 
60 | Witherspoon-McKie,!8 Navarro. 20 yr. 400 0 / OL 0 0 0 
se Pea total Ra eee as 1,753,894,802y |182,369,484y| 368,522. 5y| 54,327. 5y 


9 i ed in 1912 included with Wortham. a : 
10 ES rate eae tate esti jorndoted from Texas Railroad Commission records. Production for year 1938 also 


from Texas Railroad Commission records. For all fields discovered since 1935 the cumulative production has been corrected 
Texas Railroad Commission records. ; ( ; 

Sor 1938, 45,847 bol. of distillate has¥been included in total production figure. 

11 Discovered in 1935, abandoned in 1935. 

12 Discovered in 1934, abandoned in 1937. 

13 Discovered in 1927, abandoned in 1931. 

14 Discovered in 1905, abandoned in 1910. 

45 Discovered in 1931, abandoned in 1932. 

16 Discovered in 1922, abandoned in 1922. 

17piscovered in 1933, abandoned in 1938. 

18 Piscovered in 1915, abandoned in 1935. 
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and 8150 M cu. ft. of gas per day on 14-in. choke, with a gas-oil ratio of 
379,069 to 1. Flowing pressures were: casing 2050 lb., tubing, 1400 Ib., 
shut-in pressures, casing and tubing, 2200 pounds. 

The only activity in the Opelika field, Henderson County, during the 
year was the starting on Oct. 30, 1938, of Tidewater-Seaboard-Humble’s 
No. 1 Sallie Starr McGee well in the R. Acosta survey. This well, 
which extended the limits of the field one mile north, was completed on 
Jan. 29, 1939, for an initial production of 436 bbl. of water-white dis- 
tillate on 1-in. choke with a gas-oil ratio of 18,000 to 1. Flowing 
pressures were: tubing 1625 lb.; casing, 1900 1b. Shut-in pressures were: 
tubing, 3100 lb.; casing, 3230 lb. The well was drilled to a total depth 
of 8216 ft. and was gun-perforated from 8170 to 8180 ft., with 47 shots 
in the Glen Rose. 


Drrp WELLS 


Two deep wells have been drilled in this district, which have pene- 
trated salt, underlying formations of Lower Cretaceous age. It is not 
known whether this salt is Lower Cretaceous or older. The Stanolind 
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“1 : Character of Oil, 
Number of Oil and/or Gas Wells Oil hice beige Pressure, Lb. per Sq. In.¢ Approx. Average 
during 1938 
During At End of Average at Gravity A.P.I. 
1938 1938 Number of Wells End of at 60° F. 
eted 
© | plet iti 
2 to End 3 3 wo to cern 
of 1998} © | 8] 8 te 2 | # | 13 
7 a] = Lie q = 38 1937 1938 Weighted Average 
g B14) 3 (esi | 2 | 84 
3 De fd ee Pie tee |e 
43 74 1 y 74y y 14 60 0 €1,900 e1,850 €1,650 22.4 
1,15022 
44 686 87 i] 686 0 0 686 0 e1,900 y { 1/6502 20.6 
45 15 2 1 15 0 0 15 0 870 7] y 24.0 
46 571 2 3 55919 0 341 218 0 1,230 e1,137 e1,127 34.0 
47 31 1 0 31 0 0 31 0 y 7] y 31.0 
48 602 3 3 590 0 341 249 
49 225y vy| oy 19y 79 y 19 0 7] y y 28.0 
50 2 2) 0 2 0 2 0 0 2,870 y uv 56.9 
51| 322 OF iat | ac LO, eh el OST) Et y y y (37.0} 
52 | 33,853y | 2,043y/225y| 29,147y | 324] 20,590y] 8,006 | 733 : 
53 1 0!] 0 0 0 0 0 0 200y 0 0 24.0 
54 10y 0; 0 0 0 0 0 0 1,950 y y 40.6 
55 14 0; 0 0 0 0 0 0 y y 37.0 
56 15 0 0 0 0 0 0 0 250 0 0 Gas only 
57 22 0 0 0 0 0 0 0 757 0 0 46 
58 af 0 0 0 0 0 0 0 x 0 0 32.0 
59 3 0] 0 0 0 0 0 0 7] 0 0 46.0 
. 85 Oca. 0 0 0 0 0 0 z 0 0 19.0 


62 | 33,982y | 2,043y/225y| 29,147y | 324) 20,590y| 8,006 | 733 


19 Three wells producing from sub-Clarksville sand. 
22 Carr sand. 
23 Gault sand. 


re 
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Oil and Gas Co. drilled its No. 1 T. Norris, in the K. Thrasher survey, 
to a total depth of 9951 ft. and topped salt at 8995 ft. This test was 
approximately 5 miles north of Kosse, in Limestone County. In the 
Bethany area, Panola County, the Texas Company drilled its No. 1-C, 
T. C. Adams to a total depth of 11,303 ft. and topped salt at 11,067 feet. 


CLASSIFICATION OF “ DISTILLATE” OR ‘‘CONDENSATE”’? WELLS 


The status of ‘‘distillate’”’ wells, according to the rules and regulations 
of the Texas Railroad Commission, has become of appreciable importance 
to the East Texas district as well as other districts in the state. On 
Jan. 18, 1939, the Commission issued an order classifying wells producing 
“condensate” in the state of Texas. Apparently the only solution for 
economic recovery of ‘‘distillate”’ is pressure maintenance of the reservoir 
fluids and the recycling of gas by means of input wells to reservoirs in 
order to properly maintain reservoir pressures. 


RECYCLING OPERATIONS 


Recycling projects now in operation and under construction in this 
district are listed in Table 4. 


TaBLE 1.—(Continued) 


Producing Formation . cig aN gea|te 
Depth, Average 
in Feet 
ke Char- Net Thick- Scae < hips 
ee | Ar alin | cos| tom Aree |i | Nome bt Bol, 
E HS 2/85, 2 
© £85 oS g 8 
5 aur) Sas & p 
43 | Paluxy CreL 4,523 | 4,487 s 25 36 AF | Glen Rose 6,600 
44 | Paluxy CreL 4,300 | 4,200 8 20 35 AF | Glen Rose 5,903 
D 
45 | Carrizo Eoe 2,013/1,995 | $8 y| 10-60 | Ds Salt {Materia oe 
46 | Woodbine CreU 2,950 | 2,682 8 y 268 AF ravis Peal f 
47 | Nacatoch CreU 1,220 | 1,200 iS) y 20 AF | Travis Peak 7,501 
. Nacatoch 
acatoc 
49 }Blosom CreU,L| 4,650) 800 |S,Sh,L y 15-40 A Glen Rose 4,980 
len Ri > 4 

50 poe CreL 7,286 | 7,244 §,L y a Lower Marine 10,284 

Nacatoch 1,371 | 1,361 4,825 
61 Woes CreU 13°00 a aoe § 25 tae F | Glen Rose 
52 
53 een Cit; Eoc 2,058 | 2,045 S £ 5 Shallow} Carrizo 2,324 
54 Sree ville (Eagle | CreL 5,059 | 5,054 §, Sh y 5 AF | Lower Glen Rose 8,383 

Ford); Woodbine F 
55 Wontbing CreU 2,940 | 2,885 Sh 25 10 F | Woodbine 3,310 
56 | Taylor sand CreU 1,020} 880 Ss x 13 A | Woodbine 3,057 
57 | Blossom CreU 2,087 | 1,990 Sh y y ML | Blossom 225 
58 | Unknown x 3,767 x x x x Crev. | Glen Rose 6,056 
59 | Blossom CreU 2,085 | 2,073 § y 10 Shallow] Blossom 2,302 
60 | Nacatoch CreU 875| 825 Ss 14 19 AF | Woodbine 3,480 
61 
62 
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SALT-WATER DISPOSAL 


The question of salt-water disposal has assumed a role of increasing 
importance in the East Texas, Talco, and Sulphur Bluff fields. In the 
East Texas field, four experimental projects for salt-water disposal are 
now operating, and 12 more are reported to be under consideration. 
Chemical treatment of the salt water is required before it is returned to 
the lower portion of the Woodbine sand section by means of disposal wells. 

The Humble Oil and Refining Co. drilled its No. 37 W. W. Holland 
in the T. Allen survey in Gregg County to the Paluxy sand at 5020 ft. 
and made tests to determine whether or not the sand was suitable for 
the disposal of salt water. This test was not successful because of sand 
characteristics encountered in this well. After testing, the well was 
plugged back to the Woodbine and completed as an oil well. This is 
the deepest well drilled to date in the East Texas field within the confines 
of the Woodbine sand producing area. 

In the Talco field for the past 18 months salt water has been returned 
to the Nacatoch sand, which is found at a depth of approximately 900 ft. 
in the south part of the field. Settling pits are used for treating the salt 
water before it is disposed of. One disposal well, in the south portion 
of the field, is operating with an average input pressure of approximately 
165 lb. per sq. in.; about 5500 bbl. of salt water are returned per day. 
This disposal well has approximately 100 ft. of sand exposed. 

Operators in the Sulphur Bluff field have two proposed salt-water 
disposal projects at this time. One injection well has been tested for 


TasBLE 2.—Summary of Drilling Operations in East and East Central Texas 


Important Wildcats Drilled in 1938 


Location 
pea a ai OPM bd bo rf. 
County a Asean Deepest Horizon Tested 
Survey : 

Lib Ati ermcn rc, coast ahiorceis’s <meta eairars cn aot J. Gossett 5,487| Claiborne Woodbi 

Zit OnerokGe, ¢.5.20etes ANerd gigs aden tra, SAMOS cee W. Walters 4,008} Claiborne Woodbine 

SIM ANM Sie chia uaataerurivs, Or startet Co peecase aaah pas P. Zarzo 1,015} Taylor Georgetown 

Aol Prapklig @ Titus. repeal ov) «ves eals antenna Geo. Dyer 4,367) Midway Paluxy 

Gil CAPAVSOMs ch achiac that atten cee eres mee eats Chas. Guillan 4,043} Woodbine Strawn 

Br] Gregg soccanateste sarc. ce atc a Ghai ene ae ale M. Mann 10,284] Wilcox Glen Rose 

Al Oy ree. Nene PORE RIE mare R areca? T. D. Wilson 5,025) Wilcox Glen Rose 

85 loustord:.::. ocr rees 1a Fishes Hone Job eueere 5,921] Claiborne Woodbine 

95) Leoni nner, chilies, Gratis Oude bene ban ieee VERDE 5,633} Claiborne Woodbine 
LOLA estGne va ts Say Aes oe oy «Oars aren wees ea ate K. Thrasher 9,951] Midway-Wilcox | Lower Cretaceous? Salt 
APD Pandls st ctek Miche tecn ote von we santas Thos. Cox 11,303] Wilcox P.B. to Glen Rose 
19: '|i Sabine >, 2 va Seeae ei uae war atnae een I. Low 5,886} Midwa; ? 
AS Shel by..0, so ce Ae Oe sree coos ores ae W. M. Snider 5,138 Wilcox. Glen Rose 


— 
~ 
m 
5. 
+ 
i— a 


Sedecipdtg <aRRN ld aadidoes SRY bist A RAAT RE RT T. Payne 7,528) Claiborne Glen Rose 


SS 
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the return of salt water to the Nacatoch sand, but the test was not alto- 
gether successful. Since that time salt water has been run to pits 
and evaporated. 


PRICES 


The trend of crude-oil prices during the year was downward. The 
following important changes in posted prices were made in this district: 

East Texas Field.—On Aug. 20, 1938, the East Texas Refining Co. 
reduced the price of East Texas crude from $1.35 to $1.20 per barrel. 
The American Liberty Pipe Line Co. posted a price of $1.25 per barrel, 
effective Aug. 29, 1938. On Oct. 11, 1938, the Humble Pipe Line Co. 
further reduced the price to $1.10 per barrel. 

Talco Field.—At the beginning of the year the Humble Pipe Line 
Company’s posted price was $0.73 per barrel. On Oct. 11, 1938, the 
Humble Pipe Line Co. reduced the posted price to $0.55 per barrel. 

Rodessa Field (Texas).—During January 1937, the posted price for 
crude oil was $1.25 (flat) per barrel for 40° gravity crude and above. On 


TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Production Pressure, Lb. 
per Day Choke or per Sq. In. 
Drilled by nec g oie) pane mea Sa Poe 
Oil, Gas, Inch , : 
U.S. | Millions Casing Tubing 
Bbl. | Cu. Ft. 
1| H. L. Parsons 21,5 8.15 0) 2,050 1,400 Hemby field, 59.2° gravity _ 
2|J. R. Bunn et al 86.0 1.0 36 1,280 1,375 Lone Star field, 35° gravity oil 
3 | J. Lee Davis 6.0 Pump Satin field,? 34.2° gravity oil] 
4| Magnolia Petroleum Co.| 210.0 Pump East extension to field, }4 mile 
5 | Mildred Oil Co. 269.0 Pump Collinsville field 29.3° gravity oil 
6 | Humble-Gulf Cos. 170.0! | 17.0 2-in. tubing 2,610 Willow Springs field, P. B. 7910 
ft., 56.4° gravity 
7 | Ark.-La. Gas Co. 18.0 2 2,010 P.B. to 4834 ft. 
8 | Humble Oil & Rfg. Co. | 296.0 1.3 Y 2,200 1,980 Nevers Nikon’ field, 34.6° 
gravity oil Mike 
9 | J. K. Hughes et al. 152.0 0.45 A 1,950 1,025 Buffalo field, 24.7° gravity oil 
10 | Stanolind Oil & Gas Co.| D. & A. — ye of Kosse. Drilled 
rough s: 
11 | Texas Co. (Allen et al.) | 358.01 | 17.9 214-in. tub- | §.L-P. 2,300 | S.1.P. 2,300 | Bethany field, P.B. to 5735 ft. 
ing 
12 | H. R. Smith, Inc. : Gas blowout Not completed. T.A. 
13} W. M. Redditt el al.} 10.0 | 10.0 1164 1,900 1,850 Joaquin field,? 48° gravity oil 
(Pundt and Johnson) ; a" ; 
14 | H. L. Hunt, Inc. 72.61 0.850 A 3,125 2,900 Chapel Hill field, 62.8° gravity 
In Proven Fields | Wildcats 
Number!of wells drilling Dec, 31, 1938... 0.2 se see seas ence wees scare. 63 28 
Number of oil wells completed during 1938................. 6.00 e sce ee seuss 2,034 5 
Number of gas wells completed during 1938..............0.6. 0005s eeeeeee 36 4 
Number of dry holes completed during 1938....................000cceeeeee 60 108 
— iE aed 
; 1 Distillate wells. 


2 New oil wells in old fields, 
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Oct. 12, 1938, the Magnolia Pipe Line Co. reduced the posted price to 
$1.05 per barrel for 40° gravity crude and above. 


TaBLE 3.—Production Statistics, Hast Texas Field 


Basch 1 reer ; 
eservolr * umber 0 
pats Promeaame Ab js (as U eal el age 
Lb. per Sq. In. 
hfe ey fae a Aad rato ES 1119.98 14,122,624 2 
Peb:28 accel ec he nce cee eee 1127.06 11,829,671 4 
Mar, Bitieacce Reet le eaten aot te eee 1123.24 13,400,409 4 
ADT: Suen at enter ee ere ike eo eee 1118.26 12,963,723 4 
May. 8 tdi shoo cries. aioe eee 1116.15 11,543,936 8 
JUNE: Siege cts whats usd kee es 1120.84 11,093,135 8 
Juilys Setapeyat sao cis hy nate ea toe ers 1125.45 13,196,466 5 
YAN ot esos oe Retr One amen REPELS atte Mer Bae et 1121.64 13,753,755 4 
Senser wen ee eay See 1111.30 11,244,182 8 
OCIS SA eee ee ea ee 1106.70 11,802,597 8 
Nov: SiGe ee. Seca 1108.21 11,347,377 8 
DOOM Se ac ieet sicotekd Ces te eee 1109.71 11,892,038 8 
AV CTAG Co i ton eit dc peta career 1117.38 | Total 148,189,913 | Total 71 
TaBLE 4.—Recycling Projects 
Reported! pemtcare at 
Operator County Field Plant M Cu. Ft. | Pressures, 
Hp. Gas per Lb. per 
Day Sq. In. 
Portex, Oiul\Coteecr sees ee Shelby Joaquin 1—600}| 20,000 2,300 
Tide Water-Seaboard.......| Anderson & | Cayuga 1—400 | 25,000 1,650 
Henderson 2—300 
Tide Water-Seaboard........ Anderson & | Long Lake | 1—400 | 25,000 2,150 
Freestone 2—300 
Trinity Gas Co.............| Anderson & | Long Lake | 1—600 | 18,000 2,150 
Freestone 
Anco Gas Co. (Byrd-Frost, | Anderson & | Long Lake | 1—500 | 16,000 2,080 
Inc.). Freestone 2—150 
1—100 
’ American Liberty Oil Co..... Houston Grapeland| 1—500 | 18,000 2,250 


1 The horsepower required per million cubic feet of plant capacity will vary with 
operating conditions, as influenced by plant design. 

2 Represents best available estimates or reported operating-well input pressures. 

3 Number of units. 


Cayuga Field—On Oct. 19, 1938, the posted price of Tide Water 
Associated Oil Co. was $0.81 per barrel. On Feb. 16, 1939, this company 
withdrew from the field as a purchaser. The Pan-American Petroleum 


ee eee 
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and Transport Co., effective 7:00 a.m., Feb. 16, 1939, took over the field 
runs and posted a price of $0.68 per barrel. 

Sulphur Bluff Field —At the beginning of the year 1938, the American 
Liberty Pipe Line Company’s posted price was $0.73 per barrel. On 
Oct. 11 of this year, the price was reduced to $0.55 per barrel. 


PIPE-LINE CONSTRUCTION 


The Humble Pipe Line Co. completed a combination 4-in. and 6-in. 
oil pipe line from its Mildred station in Navarro County to the Flag Lake 
field in Henderson County, a distance of 20 miles, giving this field a pipe- 
line outlet. Heretofore the only oil outiet for this field has been by tank 
truck. A gas pipe line was laid by H. L. Hunt, Inc., from Chapel Hill 
to the East Texas field for gas-lift purposes. This line is 2514 miles long 
—8 miles of 65¢-in. line; 15 miles of 5-in. line; and 214 miles of 414-in. line. 
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Oil and Gas Production on the Texas Gulf Coast during 1938 


By E. P. Hayss,* Memper A.I.M.E., ano E. D. CockrELu* 
(New York Meeting, February, 1939) 


Tue figures herein presented show that during the year 1938 drilling 
in the Texas Gulf Coast continued at a slightly lower rate than during 
1937. In 1938 there were 21 new oil fields added to the Texas Gulf 
Coast; also numerous extensions and new sands in old fields. This 
report for 1938 cannot be compared with the report for 1937 in Volume 
127 of the TRaNsaActTiIons, because the area covered by this report is less 
than that covered last year. The cross-hatched area on Fig. 1 shows the 
limits of this report. : 

Of the new fields, Cordele, in Jackson County, Eureka Heights and 
Fairbanks, in Harris County, Francitas, in Jackson County, LaRosa, in 
Refugio County, and League City, in Galveston County, have the 
greatest promise of prolific production. 

The 1938 production for the Gulf Coast area was 92,530,467 bbl. as 
compared to 94,019,355 bbl. for the same area in 1937. This shows a 
decrease of 1,488,888 bbl. during 1938, regardless of the increase due 
to the 21 new oil fields. This decrease was caused mainly by the Saturday 
and Sunday shutdowns (68 days during 1938) and by cut in allowables. 
The 68 shut-down days amount to approximately 18.6 per cent of the 365 
days possible for production. The decrease in the 1938 production 
amounted to approximately 1.58 per cent. Therefore there was actually 
a potential increase in the year’s production. 

During the past year, 1637 wells were completed as oil wells, 68 as 
gas wells and approximately 461 dry holes, as compared to 1672 oil 
wells, 83 gas wells and 448 dry holes in 1937 on the Texas Gulf Coast. 
Total wells drilled were 2166 in 1938 and 2203 in 1937. 

Condensate sands in old fields and new fields are continuing to 
increase in importance from the standpoint of retrograde condensation 
and pressure maintenance. 

The following fields had major extensions during the year 1938 from 
the standpoint of increased areas of old sands and new deeper sands: 


Manuscript received at the office of the Institute Feb. 15; revision and tables, 
May 2, 1939. 
* Producing Department, The Texas Company, Houston, Texas. 
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Field County Field County 
RECOM eee iy Soe te me Harris ELAS GUS eee re eae: eet een eee Brazoria 
AVIGDSUCT Myce s td eatints axes t Harris Withers aera sie hrrn foetal Wharton 
cord nee. crear ius heen ua ve Bs Waetoriae||@leveland: mir\.cccens ade ths Liberty 
INR SING IBUI Nes «ao oun bea eee otek: Noeuariss IeMardt soe sk snes avs oases.) Liberty, 
BIEN ETAT ts beng Sikes ome em Wietoriae |aBlanca smn oe. se. ok , Hidalgo 
PieccUOr tea. et atic wun sso victoria | Weat Orange.......0...... 50: Orange 
Serta 1 aceite Si ROCUTIO - | MEBTIOM. 05 . Leese < i Sedans Polk 
West Columbia (New)........ Brazoria 


New FIewps 


Armour Field, Matagorda County.—The Armour field was discovered 
by the Pierce Estates on their fee lands. The well was completed at 
6620 to 6624 ft. for 241 bbl. of oil and 96,000 cu. ft. of gas on a 3%¢-in. 
positive choke. The production is from a Frio sand. 

Bammel Field, Harris County —The Bammel field has two producing 
sands, 6170 to 6175 ft. and 6205 to 6211 ft. The production is from the 
Cockfield. The deepest zone tested was the Wilcox at 10,574 feet. 

Cedar Point Field, Chambers County.—This field was discovered by 
the Standard Oil Company of Texas and the Salt Dome Oil Company’s 
State No. 1 in Galveston Bay. The well was completed in the Frio 
at 5967 ft. for 650 bbl. of oil on a 4-in. positive choke. A new sand was 
later discovered at 4480 ft. for an extension. ‘The deepest zone tested 
was the Frio at 6528 feet. 

Chreisman Field (Red Bank), Burleson County.—The Chreisman field 
is important in that the production is from the Edwards lime at 6167 to 
6172 ft. The discovery well was the Red Bank Oil Company’s Coffield 
No. 1, completed for 127 bbl. of oil per day by pumping. 

Clear Lake Field, Harris County.—The West Production Company’s 
Sowden No. 1 well discovered this field at 5805 ft. in the upper Frio. It 
was completed as a well with 5 bbl. condensate and considerable gas with 
2390 lb. pressure on both the tubing and casing. 

Cordele Field, Jackson County.—The Cordele field has enjoyed con- 
siderable development since its discovery by Potter and Adam’s Faust 
No. 1, completed at 2675 ft. in the Catahoula for 270 bbl. of oil per day 
ona 34¢-in. positive choke. The Vicksburg has been tested at 5177 feet. 

Eureka Heights Field, Harris County.—Jack Frazier’s No. 1 Vollmer- 
Neiman discovered the Eureka Heights field in the upper Saline Bayou at 
7722 ft. for 616 bbl. of oil with 462,000 cu. ft. of gas on a 14-in. choke, 
tubing pressure 1100 lb. and casing pressure 1510 lb. per sq. in. Jack 
Frazier also discovered a new sand at 8096 ft. with his L. Lackner No. 1. 

Fairbanks Field, Harris County—Amerada-Stanolind’s Mills No. 1 
discovered Fairbanks in the Cockfield at 6853 ft. Union Producing Co. 


discovered by Coronada Explorati 
for 25 bbl. of oil on a 14 
several new sands, 
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found a new sand at 7185 ft. in its Goodykoontz No. 1. This field is one 
of the more important fields of 1938. 


Francitas Field, Jackson County.—The Francitas field was discovered 
by The Texas Company’s Weed No. 1 at 7468 ft., which was completed 


as a distillate producer from a very prolific sand. Wynn Crosby’s 
Broughton No. 1 completed in an oil sand at 7417 feet. 
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Fic. 1.—Arna or Texas Gur Coast COVERED IN THIS REPORT, 

La Rosa Field, Refugio County.—This field began as a Frio producer 
on Company’s Rooke No. 2 at 5370 ft. 

-in. choke, Subsequent wells have discovered 

one at 5920 ft. and another at 6328 feet. 

League City Field, Galveston 


County.—Midwest Royalty Co. com- 
pleted its Lobit No. 1 in the Leag 


ue City field at 9106 ft. in the Frio, for 
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TABLE 1.—Ozl and Gas Production on Texas Gulf Coast in 1938 
i ee 


Area Proved, : : Total Gas Produc- 
Naa Total Oil Production, Bbl. tion MilienaOa. Fis 
3 
= 
Field, County ‘Ss 
Z 
7 S| Oi | Gage | ToBndof | During |ToEnd| During 
: g 1938 1938 of 1938 1938 
oS 
Z > 
& § 
oa << 
ADAG DIGZOTUG. or... cts sven ue ee sl 42 10 0 87,598 2,673 631 & 
AAMALMOLA: SHENSON s... cnc sas te ee aise ay ve 3 1,230 0 2,667,017 1,290,348 1,5091 6451 
3} Anahuac, Chambers........... Sten age 4 6,745 0 10,128,206 | 2,883,779 7,140! 1,4501 
4) Aransas, Aransas and San Patricio. .... 3 3,700 20 2,853,625 1,911,765 6,848! 4,5881 
5) Armour, Matagorda................... 1 80 0 42,489 42,489 261 261 
GicArriolay Hardinwwes cosa. stew des oe 7 100 0 1,846,576 164,888 6501 321 
MB ATUM ELE GINS a. cleieo 3 capes. cicrets seh 1 100 0 12,850 12,850 gi 9 
Barbers Hill, Chambers: 
8 ZISOO Sti Minch Orta resie rat te aides, 4 23 70 0 1,735,214 0 x x 
9 Oi 2OOME RT re ein. Hees dice. 9 11 445 0 61,714,151 | 3,407,964 z x 
ig seseon, erin ra 
DOSS GOOLGM crryaniavtnoe ccs geen y 281,646 £ ‘e 
PANES 200-6,000 fb. ,.csscccsscecccscc| 8 } 600 { y | 738,847,502 { 315,356 2 t 
12| Bay City (Van Vleck), Matagorda...... 5 1,200 0 1,848,752 759,527 9251 3601 
13 Big Creeks, Ft. Bend. 0 =< hy. 6 es Ses vie 17 200 0 9,591,005 227,245 x ts 
14) Big Hilly Jefferson... ...2:.<- <p sess. 16 10 0 13,853 Po’ a x 0 
plete 
1924 
15) Big Hill, Matagorda... ....5--.....4.- 35 15 0 210,906 Bod Gee y 0 
plete 
1907 
16) Blue Ridge, FivBerd................. 20 825 0 10,829,546 247,800 it a 
17| Boling, Ft. Bend and Wharton..........| 14 304 0 6,166,661 536,992 7] 4291 
18] Brenham, Austin and Washington...... 24 60 0 355,789 9,728 Ey 2 
19) Brookshire, Waller..............5.... 5 50 0 21,314 1,982 12 3 
20| Buckeye, Matagorda.................. 7 50 0 693,288 47,081 6901 36! 
21} Burnell (South), Karnes............... 2 330 210 447,244 322,831 1,4071 6461 
PEAK COCOA LT RN, es Se ae es ee 5 285 185 823,687 88,130 | 2,2001 4171 
Salle Newtons staauan tors cate et are == 2 100 0 15,376 9,809 51 31 
24| Cedar Point, Chambers............+.... 1 410 0 113,249 113,249 150 150 
De li Ohbek td CHEN SOc cas sueas eae tees ae creme 100 0 60,316 39,279 341 231 
26| Chreisman (Red Bank), Burleson...... 1 20 0 4,531 4,531 i il 
27| Glam Dake, Jéeperson. sacs eer-e ss <-.> |) 2 100 0 34,596 33,361 351 331 
28) Clay Creek, Washington 11 400 0 4,142,805 191,272 z 217 
29) Clear Lake, Harris.......... Bl sl 600 0 429 37,429 261 261 
80| Cleveland, [nberty.........0.0. 00000055 5 400 0 1,069,762 141,761 6421 851 
SileGlintonse aie ose eerie oe 3 140 0 94,190 90,291 1,081! 4901 
32| Coletto Creek, Victoria...............] 5 500 350 898,802 169,378 8501 1691 
33] Conroe, Montgomery.............--+-- 7 | 20,000 0 98,259,482 11,385,364 | 65,045 2,8501 
SA @ordelesid GcheOMedeme.tea see sa acons ne 1 320 0 113,539 113,539 341 341 
35 cote Acne Gime oe: BAY ho 452,190 | 190,464| 2713 1141 
36 SIiihy, CHRIB ati gnanbeacn Boe aT 2 y 469,295 336,558 2811 2011 
37| Damon Mound, Brazoria.............. 24 10 0 9,489,217 110,741 Lt z 
BS MOMHDULY) BIAZONG.....- owes wae nse 9 200 20 129,027 114,760 1871 801 
39 Dinsotd Half iGonad x00. cctross cavees les 240 0 284,060 94,633 103" Le 
40| Dickinson, Galveston..........-.-..+-- 5 2,500 0 3,681,248 | 1,417,788 | 14,800 5,600 
AUEDIinero; ite Oak Jig .occ center ee. o 4 50 20 64,476 ,640 a a 
ADIT KA ee ee Meiers leis cies ere acts: soot 5 865 0 4,452,338 807,086 3,116 465 
43| Edna, Jackson........-...+.--- +0000 18 0 105 0: 0 x z 


« Footnotes to column heads and explanation of symbols are given on page 240. 


1 Estimated. 2 Distillate. 
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TABLE 1.—(Continued) 


. ? Character of 
Oil-production Oil, Approx. 
Number of Oil and/or Gas Wells Methods at End Pressure, Lb. per Sq. In.¢ Average 
of 1938 during 1938 
Gravity 
During 1938 | AtEnd of | Number of Wells Average at End of | A.PLI. at 
tens a a Initial’ 
a| 32 3 ll ele “ 19374 1955s” | Welatibed 
5 35 3 EI y | 2 be ep dips Average 
a Bey a zg 3 3 =] a el 
g| fs g Fb elles || hs g 13 
Achy pat 5 4. | ete dies | eels 
1 5 0 0 1 0 0 1 0 200 0 34.3 
2 120 8 0 114 4 114 0; 0 925 750 725 29.2 
3 282 42 0; 262 10 | 261 0 1 3,260 1,250 1,025 34.4 
4 148 49 0 40 2 139 0 1 2,200 1,600 400-1,670 42 
5 3 3 0 3 0 3 0 0 1,000y 1,000y 34 
6 15 0 0 12 0 2 10) 1 vO 1,400 z pump 34 
7 1 1 0 1 0 1 0; 0 2,450y 2,450y 55 
8 \ 417 { 0 0 0 0 0 0; 0 2 z z 2 
9 16 8 163 0 31 121 | 11 296 z 300°-pump 26 
10 0| 208 0 0] 203; 0 z z pump y 
ul } 1,012z 162 { o| 17 f. 0! s}91 0 z z 38.1 
12 32 9 0 32 0 32 0 | 0 |3,350-3,650 |3,350-3,650} 3,350-3,650 36-48 
13 82 0 0 24 0 0 24 0 400 y pump 28 
14 6 0 1 0 0 0 0 0 r} z z = 
15 3 0 0 0 0 0 0; 0 E) 2 z F 4 
16 187 2 4 58 1 5 53 | 0 385 z pump 26 
17 171 9 0 92 1 43 49] 0 z z y 28.3 
18 66 1 0 34 2 0 34] 0 = z pump 17 
19 1 0 0 1 0 0 1 0 100 0 pump 24 
20 3 1 0 3 0 3 O]..0 1,045 z 8 
21 40 8 0 32 6 30 2 0 1,425 z 100-1,200 47 
22] 41 0 o| 2 | 8] of] 25| 0 { ary z pump 22 ; 
23 1 0 0 1 0 0 1 0 1,475 1,450 pump 39.6 | 
24 9 9 0 9 0 9 0 0 2,750 €2,750 36.9 
25 4 2 0 4 0 4 0; 0 2,950 2,050 43.9 
26 1 1 0 1 0 0 1] 0 1,675 1,675 - 5 
0 
27 3 2 0 3 0 2 1 188 2,500 y y - 2 
4.2 
28 67 1 0 49 3 3 46) 0 350 z pump 24.7 
29 3 2 0 2 i 2 0| 0 650 650 28.7 : 
30 23 1 0 13 3 13 0; 0 2,400 1,800 y 40 
81 12 7 0 8 2 6 2| 0 4,800 z y 48 ' 
32 28 0 0} 20 4] 18 D0 z F 550 25 : 
33 971 8 ly| 947 3 | 922 25) 0 €2,275 x yet to 38 
€2,275 
34 14 14 0 14 ll 14 0| 0 80-340 80-340 22 i) 
a] 8] ft 18] 2] ot] oS] Sf gib um | om | om | maf | 
37 130 1 0 30 0 0 30] 0 F 7 F 7 z 26 
38 14 8 0 9 1 6 rate 500 500 500 23 
39 2ly 0 0 21 0 1 20) 0 z pump 47 
40 125y 54 0} 106 10 | 104 0; 2 1,2504 1,2504 1,158 37.5 
41 4 0 0 2 0 ll 1 0 1,600 y pump 43 
42 100 0 0 95 0 36 59 | 0 1,000 700 0-500 44 { 
43 13 0 0 0 2y y 0; 0 z x y y 


*Gas. 4 Flowing pressure through tubing on small choke. 
5 Production used to develop field. 
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Deepest Zone Tested 
to End of 1938 


Depth, Average in Feet 
- Depth 
P Name Agee g Name _|of Hole, 
a Bottoms of | To Top of | fee ie Ft. 
E| Productive | Productive] & g |e > 
a Wells Zone 8 # a 2. z 
o q () oo 3 
Rc A | & |Ske! & 
4 1S) a |e n 
1 Mio Mio 5,030 SH | Por 10 Ds | Mio 5,958 
2)Frio ; Olig 6,780 6,745 Ss Por 15 D | Frio 8,261 
3 | Marginulina, Frio Olig 7,085 7,000 Ss | Por 60 | Df | Frio 8,749 
4 | Marginulina, Frio Olig 7,313 6,544 Ss | 25-34 20 Ny | Frio 8,889 
5 | Marginulina, Frio Olig 6,624 6,620 Ss Por 4 N | Frio 7,531 
6 | Mio, Frio Mio, Olig 4,400 2,990 Ss Por 50+] Ds | Yegua 6,743 
7 | Cockfield oc 6,175-6,211 |6,170-6,205| Ss Por 10 | Dsf | Wilcox 10,574 
8 | Pli, Mio Pli, Mio 2,300 800 Ss Por 42 | Ds 
9 | Mio, Frio Mio, Olig 6,690 3,450 8s 30 80z | Ds | McElroy 8,148 
ee roe ee, Lagarto Butts 1,250 ae Cay y Ae 
id-Olig, Yegua i, Mio, 5,500 5,470 s Por 30 s 
Olig, { Ds \ Cook Mt. 6,502 
Koc 
21 
12 | Marginulina, Frio Olig 7,07. 7,000 SH 30 60 D | Vicksburg 11,467 
; GaSe at. 9! |'7,405-8,250 60 
13 | Pli, Mio, Mid-Olig, Frio | Mio-Olig ,850 SH | Por 54 Ds | Jackson 5,536 
14 | Pli, Mio Pli, Mio 2,500 8 Por 10 Ds | Marginulina 6,742 
15 | Cap rock, Mio Pre-Ter, 862 Lz | Cav, x Ds |z 3,705 
Mio Por 
16 | Mio, Mid-Olig, Frio Mio-Olig 3,600 oes SH | 30+ 60 Ds | Jackson 6,189 
500 
17 | Cap rock, Mid-Olig, Frio} Pre-Ter 4,089 2,500 L, SH | Cav, 60 Ds | Frio 5,543 
Olig 4,859 4,817 Por ‘ 
18 | Oakville, Cockfield Mio, Eoc| 482-1,500| 190-1,400} SH | Por 10z | Ds | Carrizo | 3,930 
19 | Frio Olig 2,974 955 8s Por 16 D_ | Hockleyensis 7,216 
20 | Frio Olig 7,926 7,831 SH | Por 60 D | Frio 10,503 
21 | Cockfield (Pettus) Eoc 3,674 3,617 8s Por 12 | DF | Yegua 5,280 
22 | Cockfield (Pettus) Koc 3,039 3,021 8s Por 15 | DF | Yegua 4,502 
23 | Cockfield Eoc 6,918 6,908 Ss | Por 7 | NF | Yegua 7,380 
24 | Frio Olig 6,000 5,950 Ss 35 35 Ds Frio 6,528 
25 | Frio, Vicksburg Olig, Eoc | 7,725-8,565 7,690 8 Por 10 | MF | Vicksburg 8,841 
26 | Edwards CreU 6,172 6,167 L Cav 5 | MF | Edwards 6,172 
3,855 3,844 32.3) 16 : 
27 | Mio Mio 5,929 5,913 Ss 42.2 5}| Ds | Frio 8,198 
5,960 5,955 37.0 10 2 
28 | Claiborne, Wilcox Hoe 1,250 SH | Por 120 Ds | Wilcox 8,3066 
29 | Frio Olig 5,910 5,880 Ss Por 15 D | Frio 7,582 
30 | Cockfield, Yegua Eoc 5,900 5,700 Ss 15 8 | MF | Cook Mt. 8,734 
31 | Mio, Cockfield Mio, Eoc |3,829-8,1012 oy Ss Por 20 D | Cockfield 8,783 
32 | Catahoula, Frio Mio, Olig | 2,2268-2,880| 2,861 | Ss | Por | 10 | MF | Frio | 5,368 
33 | U. Cockfield, Conroe | Eoc 5,150 5,000 Ss 272 K D |L. Saline Bayou | 8,011 
34 | Mio Mio 2,753 2,654 Ss Por 15 Df | Vicksburg 5,177 
35 | Marginulina Olig 6,310 6,302 8s Por 5 Df : 19 
36 | Marginulina Olig 6,520 6,503 | Ss | Por oe ivan Bel 7.0 E 
37| Mio, Mid-Olig, Vicks- | Mio, Olig 3,800 1,406 SH | Por 43z | Ds icksburg 8,112 
burg 5 
38 | Pli, Mio Pli, Mio 1,970 1,955 §s Por 20 | Ds | Frio 7,495 
39 | Cockfield (Pettus) Eoc 3,880 3,684 8s Por 14 | DF f y 
40 | Frio Olig 8,050-9,121 |7,980-9,080| Ss | Por 12 | DF | Frio 9,463 
42 | Cotbed (Pettus) Tos 3/000 a0 | fe | Bor 16 | DF vent 116 
42|C C) ettus oc 9 A 8 ‘or A 
43 Frio Olig 4,655 4,640 8s Por 15y | D | Cockfield 7,180 


6 Jn salt, 
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Area Proved, . : Total Gas Produc- 
iy pe Total Oil Production, Bbl. tion, Millions Cu. Ft. 
co 
& 
Field, County I 
= 
= : « | ToEndof | During |ToEnd} During 
5 g| Ol | Gas 1938 1938 | of 1938 | 1938 
5 3 
z al 
g a 
=) < 
44] Esperson, Liberty.........5..-.00+0008 10 465 0 5,282,983 495,811 2,1201 501 
45| Eureka Heights, Harris............... 1 600 200 255,131 255,131 7651 7651 
AG) Fairbanks; Harrseic.)isesscn os aieccls s ahase 1 2,500 0 814,172 814,172 4071 4071 
47 Fannet. J effersonani... ese ta tae oe 12 105 0 2,408,436 203,208 1,2041 201 
48| Fort Merrill, Live Oak................ 4 50 0 27,276 0 z 0 
49| Francitas, Jackson...............+205 1 80 y 2,231 2,231 231 231 
50 Ganado; Jacksons... sie. <atsese hace os 2 0 0 22,072 10,561 8572 4101 
51) Garwood, Colorado.................0 6 10 0 2,434 410 z x 
52! Gillock, Galveston.....................| 3 1,650 0 1,643,127 1,017,310 1,6431 1,017 
53] Greens Lake, Galveston................ 3 20 20 34,927 5,487 701 31 
SA Grotay Refug¢o kas. aoteersiets co's sao 6 5,414 1,050 22,445,724 2,572,347 | 15,7501 1,5431 
55| Goose Creek, Harrts.................. 31 910 0 76,694,931 582,698 x z 
56| Hamman, Matagorda................. 3 390 0 743,036 552,049 2,2201 1,656! 
b7| Hankamier : TAGE ty © ices eB onceenes 10 uy 359,538 x 2 
58 900 Ths. ok be sai eee sis y 5,828,478 87,509 z z 
59) Hardin Laberty J, oe). cetheeth sono oF 4 1,260 20 2,037,602 1,609,430 4,0741 3,218! 
60) Hartsondorl; Bee aoe tease. ae ote 4 20 0 | Prod. included 2 z 
’ y with Pettus 
61] Hastings, Brazoria, Galveston.......... 5 5,100 0 15,798,141 6,876,577 6,3191 2,750! 
62| Hawkinsville, Matagorda.............. 3 50 0 616 0 = z 
63| Heyser, Calhoun, Victoria............. 3 3,600 0 4,728,673 | 3,035,739 2,675! 1,670 
64] High Island, Galveston................ 17 225 0 15,198,175 901,259 = F 
65| Hitchcock, Galveston.................. 3 120 0 205,900 186,719 1441 1311 
OG Hockley, arvis fcc, cccn sates wcumiels 16 10 0 23,404 | Prod. de- x x 
pleted 
1935 
Ovi Holamark, Be@renae: accweasumees cates 4 80 20 25,669 8,359 521 161 
68] Hords Creek, Goliad...............0.. 4 100 50 40,058 9,482 201 4.61 
69] Hoskins Mound, Brazoria............. 35 10 0 31,755 | Prod. de- z 0 
pleted 
1907 
Hull, Liberty: 
70 S00it0:4,400 fts aa ca shatinines 21 s7} 0 79,031,979 860,781 z z 
71 4,660 fo: 51GB. athe. ces oe oe 0 8,325,679 | 2,032,858 z x 
Humble, Harris: 
72 TOOL 08h ditt gs trbte Be mnt Cae 34 0 110,123,797 545,850! x x 
3,300 
73 BjO70 Eh... suger ontel defo e <rssteraveis Biers 10 0 13,701,880 672,2361 z x 
TA DOSRURKO, LLYTAE. cniadQercy at netecstes vie mca 2 320 0 854,453 280,143 7101 5621 
75 Koeran,: V icloriG. os. «cues iss eshces > 7 320 40 854,192 186,823 5131 1121 
70) EMDOLA SIF RGPEOR soi eic.-csasit aieivie srisiele 3 195 0 114,654 90,990 1151 git 
77\ La Belland effersans).os<0 usa wesians oe 2 80 0 144,257 142,109 
78| Lamar, Aransag..............00.ss00. 2 20 0 834 0 ‘ * 
79) ue Rosa, Wéeftigtoreyt. scrde.a.» telatan.« fale 1 400 0 46,522 46,522 23 23 
80) League City, Galveston...............4 1 80 0 6,959 6,959 141 141 
81) Livingston, Polk................2.45 alee 1,698 0 4,965,014 690,599 | 2,5001 2801 
82) Lockridge, Brazoria.................45 3 750 0 863,968 580,727 606 4061 
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: Oil-production Character of 
Number of Oil and/or Gas Wells Methods at End Pressure, Lb. per Sq. In.¢ Oil, Approx. 
of 1938 ‘ Average 
during 1938 
During 1938 ated of Number of Wells Average at End of ree 
60° F, 
8 Sx = 3 Initial4 
fa 9 3 oo oo ; 
g 2 2 q g q oo 4 4 Weighted 
a; 35 $ SA ee Ane tr vee ees 1937 1938 
z 33 2 £ SI s a =F C= Average 
© Zs BL | Seen eek a aS eS 
g| &8 Bee ine Nabe st eh Beem 
Ss i-o 5 2 ie [ae ees ere las 
44 60 4 0 51 2 6 45 0 100 x pump 24 
45 22 22 0 19 0 22 0 0 3,000 3,000 
46| 128 125 0} 125 3 | 124 o| 1 y y a 
47 26 0 0 19 0 1 18 | 0 540 x pump 28 
48 2 0 0 0 0 0 0 0 1,100 pump 0 46 
49 2 2 0 1 0 2 0 0 2,450 1,100-2,450 48 
50 3 0 0 3 0 3 0; 0 1,625 e2,200 750-1,850 26 
51 4 0 0 1 0 1 0 0 1,225 x y 44 
52 116y 30 0 66 0 66 0 0 1,250 1,250 1,150 37.5 
53 4 1 0 1 0 0 1 0 1,300 1,300 1,300 26.5 
54| 229 0 o| 208 | 14] 189] 17] 2] 1,350 875 0-970 \ ane { 
55 873 6 y | 101 0 0 101 | 0 z 1) pump 25.5 
56 ay. 10 0 17 0 14 0 3 8004 x z 37 
57 0 32 0 5 27 0 z a 
8 \ Bly by { Pe alee ie tee at ops tne eed { . \ 23.4 { 
59 113 96 0 106 1 103 3 0 900 2 Ef 86.3 
60 i| y y y y y y| y y y y 45 
61 612 159 0 612 0 609 0 3 2,175 2,100 y 31 
62 1 0 0 0 0 0 0 0 2004 0 y 30.4 
63 204 95 0 201 3 195 6 0 880 880 800 32.3 
64 112 a 0 64 i 17 47 0 527 z y 33 
65 13 10 0 12 0 12 0 0 880 880 y 35.8 
66 4 0 1 0 0 0 0 0 40 0 0 32 
67 6 0 0 4 0 4 0 0 1,050 0 750-1,250 y 
68 5 0 0 1 1 1 0 0 1,550 x y 47.6 
69 14 0 0 0 0 0 0 0 Fs 0 0 21.5 
70 0} 122 0 Oo 41225) 410 x x pump 30 
768 25 
71 0 80 0 12 68 0 530 x 38 
72 2 0 0 2 x pump 26.5 
1,736 22 299 8 | 291 
73 2 0 0 z x pump y 
74 14 9 0 14 0 14 0 0 1,425 1,425 1,4251 45.8 
75. 19 3 0 15 1 14 1 0 1,450 2,085 450-2,050 36 
76 12y 4 0 12 0 9 3 0 1,500 x peep to 23.5 
77 1 0 0 1 0 1 0| 0 ig x x 40 
78 1 0 0 0 0 0 0; 0 y y y y 
79 13 13 0 13 0 13 0 0 | 850-1,150 850-1,150 39 
80 3 3 0 3 0 3 0 | 0 | 1,100-2,100 1,100-2,100 42 
81 101 1 0} 90 tie e45i ee cBSain ie 700 y y 40.7 
82 38 13 0 38 0 38 0 0 2,100y 2,880 2,000! 28 
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é Dee, Zone Tested 
Producing Rock geal * 1938 
Depth, Average in Feet 
x, Depth 
hs Name Ages g Name of Hole, 
a Bottoms of | To Top of | . g.A ¥ Ft. 
E Productive | Productive] § B 138 g 
zZ Wells Zone 3 yeaa Wee 
3 a | 2 |se8| 2 
3 5 ra i m 
44 | Mio, Heterostegina Mio, Olig | 4,460-7,624 |2,275-5,707| Ss 24 15 | Ds | Weches, { 8,926 
Crockett 9,3758 
45 | Cockfield Eoc 7,720-8,100 |7,690-8,080} §S Por 30 D e 9,038 
46 | Yegua Eoc 6, 900 6,82. 3 Ss Por 20 A | Crockett 7,920 
47 | Mio, Mid-Olig, Frio Mio, Olig | 4, 000-6, 580 |3,650-6,550| Ss 20 20 | Ds | Vicksburg 7,293 
48 | Yegua Eoc 4,706 4,643 8 Por 5 D | Crockett 5,425 
49 | Frio Olig a 708 7,416 Ss Por 2 Frio 7,710 
50 | Marginulina Olig 5,111 5,102 Ss Por 5 D | Frio 6,544 
51 Tec Lawes a Cock- | Olig, Hoc 4,410°6 2082 4,021-6,032)} § Por 12 D | Yegua 6,777 
52 | Frio Olig 8,800 8,300 Ss Por 12 DF | Frio 9,463 
53 | Mio Pli, Mio reg erty at Py Ss 20 10 Ds | Frio 9,636 
1008 A 
54| Catahoula, Heteroste- | Mio, Olig 1 3,500 3,470 Ss | 20,33 | 203,18) A | Vicksburg 7,461 
gina-Frio 3,900 5,900 
55 | Pli, Mio, Mid-Olig, Frio,| Pli, Mio | 4,600-5,894 |1 000-5, 875} SH | Por 40 D | McElroy 6,975 
Vicksburg Olig 
8,182 
56 | Frio Olig 1 td s Por 10 | Ds | Frio 9,575 
57 | Mio Mio : 2,650 | Ss | 2 Ds | Dibol = 
58 | Frio Olig 5,700-7,700 Ss 20 Ds | Jackson : 
59 | Yegua Eoe 7,690 7,665 8 Por 20 D egua 8,110 
60 | Cockfield (Pettus) Eoc 3,651 3,642 SH | Por 9 A | Yegua 3,872 
61 | Frio Olig 6,100 5,600 Ss Por 60 D_ | Vicksburg 8,792 
62 | Mio Mio 6,300 5,150 SH | Por 10 Ds gocene 6,905 
63 | Heterostegina, Frio Olig 6,118 5,473 8s 25 25 D io 6,505 
64 | Pli, Mio, Mid-Olig wes Mio, | 4,960-6,710 |3,625-5,022 o- Por 352 | Ds | Mid-Olig 7,179 
1g 
65 | Mio Mio 5,134 5,118 Ss_| Por 16 D | Frio 10,460 
66 | Cap rock, Frio Pre-Ter, 2,250 2,220 |L,SH| Cav, 30 | Ds | Yegua 7,481 
Olig Por 
67 | Cockfield (Pettus) Eoc 4,260 4,065 Ss Por y | NF | Yegua 4,458 
68 | Yegua Eoc 4,575 SH | Por 10 | MF | Cook Mt. 6,004 
69 | y y 623 600 SH | Por 23 Ds t 1,150z 
70 | Pli, Mio, Mid-Olig Pli, Mio, 4,400 400 8 Por 
Olig. 63 | Ds |Cook Mt. 6,845 
71 | Yegua Eoe 5,806 4,400 SH | Por 
72 | Cap rock, Mio, Olig Pre-Ter, 7007 L,8 ae y 
io, , ‘or 
ae: Olig Cook Mt. 8,181 
73 | Mid-Olig, Jackson, Olig, Eoc 5,670 SH | Por 400 
Cockfield, Yegua 
74 | Carrizo Wilcox Koc 7,700 7,641 S | Por 20 | Dfy | Wilcox 8,180 
75 | Frio Olig 7,011 5,597 8 15 10 | MF | Vicksburg 7,852 
76 | Frio Olig 4,719 4,590 8s | Por 10 N_ | Jackson 8,888 
Marginulina . 10 
77 | Frio Olig 8,217-8,670 |8,200-8,600} Ss 25 45 | Df | Frio 10,147 
78 | Frio Olig 7,997 8s Por y y | Frio 9,0004 
79 | Frio Olig 5,410 5,382 Ss Por y y | Frio 6,907 
; ; 8,700 8,695 
80 | Frio Olig eane 4 Ss | Por 50+] D_ | Vicksburg 10,535 
81 | Cockfield Eoe 4,276 | 4,180 | Ss | 25¢| 15 | DF | Cockfield 5,596 
82 | Frio Olig 6,365 6,342 Ss 20 23 | AF | Vicksburg 8,698 
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Area Proved, . : Total Gas Produc- 
Acres Total Oil Production, Bbl. | sion “Millions Cu. Ft. 
ao 
& 
Field, County Re 
a 
ica é To End of During |ToEnd| During 
5 g| Oil | Gass 1938 1938 | of 1938 | 1938 
3 g 
a a 
a g 
To <x 
83} Lost Lake, Chambers.................. 10 80 0 937,544 42,959 a x 
SA MOUIRG WROTEON oe re ncn cae a eee 5 1,614 0 2,213,821 469,138 z 117 
85] Lovells Lake, Jefferson................ 1 80 0 50,920 50,920 t z 
86| Magnet, Wharton...........-<-.s.0.«| 3 380 40 456,888 325,104 3201 2271 
Manvel, Brazoria: 
se] SN00 fe el) 8] sro | 0 |} 4982.658 | 8.210.165 | 708] 4851 
89} Markham, Matagorda................. 31 220 0 7,125,608 594,303 x 2 
90) Markham (North), Matagorda......... 1 80 0 13,242 13,242 24 24 
91} Mathis, Live Oak, San Patricio.........| 15 0 100 a a 
OZ Marita, JAcksOn.?.<.6. act ee.scecess 4 100 0 165,899 52,108 1251 391 
vl haem a Seg ut ont ane sae ne 16 ore at 283 ge 
Murray, beers cats. imie cae. <, F A 
= Hen ry ee COLT CE ea a ae yee aR ; a 4 er Saey) 885! 390! 
WHEPAUG DCO en en ane teh ie antes hese 58) 48 Ed z 
97| Mission River, Refugio................ 1 40 0 16,382 16,382 16 16 
98! Moss Bluff, Chambers, Liberty.......... 9 10 0 179,235 Sin a E] z 
plete 
1933 
99] Mount Lucas, Live Oak............... 8 500 4,000 224,466 19,330 | 11,2501 1,662! 
Mykawa, Harris: 
ii] Deep) BY] 2m fo | 8asa.e88 |] besog | S|} 508" 
102] Nash, Brazoria, Ft. Bend.............. 13 120 0 1,665,226 740 x x 
TOSI NOME, He EhSON «n\n orev an.) esr aoe oe 3 1,040 0 1,126,137 499,314 676! 2781 
404) Normanna, Bee... ....5....00000 00055 9 70 10 66,600 10,727 2 £ 
105 INGtth meee neton ee cease aees 1 10 0 955 955 x z 
106 et ie 34 0 800,000 0 
OO Dhaest alee ate ince e y 2 z 
“Tht aoe Ty ale a ane 11 \ 100 0 1,524,191 33,947 2 2 
TOS Oakville, Deve Oaks. .o...0me cs oes wee lee 3 30 290 30,623 26,297 1,530 1,315 
109] O’Conner-McFadden, Refugio......... 7 200 200 482,127 60,337 | 22,1721 2,760! 
110) Old Ocean; Brazoria...........,...... 5 1,040 0 2,509,492 1,783,783 | 12,5451 8,9201 
HIT Orange, Orange... ... ccc tac cen es ta ot 26 400 0 32,445,476 203,057 t fi 
112 RWiestOtee en ert ree re cite 2 220 0 287,508 287,508 201 201 
113)Orehard, Ft..Bend....5...2..50.00-.-- 13 200 50 3,287,346 104,409 £ ny 
114] Palacios, Matagorda.................. 2 80 0 80,999 47,534 2431 1431 
UIP OUUUISs DCC re. oe) sis\sre.c Shige nes Somalis» 9 600 100 9,680,091 251,934 9,000 751 
116 New, Bee, Goliad, Karnes......... 9 950 50 2,728,173 292,028 1,0911 581 
117] Pickett Ridge, Wharton............... 4 450 1,000 1,673,085 262,818 2,2061 6791 
118} Pierce Junction, Harris............... 18 340 0 32,002,783 1,119,524 x £ 
119] Placedo, Victoria..............00- 0006 4 2,950 50 7,313,862 2,863,530 38,6571 2401 
120 Nati tere mitt aera spaces cies, Seon eas 1 140 0 103,869 103,869 §21 §21 
121] Pledger, Brazoria..................055 if 20 | 1,100 17,068 an oe 8,051 
plete 
3 2 131,873 ra 10 2641 174 
122 Plummer) Bee! cen.cecsscnc sewers 3 100 0 ; 87, 
123| Pt. Lavaca, Calhoun...............-.- 6 280 30 354,311 10,224 | 10,000! 9341 
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: : Character of 
Oil-production Oil, Approx. 
Number of Oil and/or Gas Wells Methods at End Pressure, Lb. per Sq. In.¢ ‘Average 
of 1938 during 1938 
At End of edie! 
During 1938 1938 uy) Number of Wells Average at End of ane 
el oie te = 4) 2 Initial* 
2 Yo (o) oO : 
| 3S 3 3 Weighted 
B| 33 8 Me Bee ya) 19374 1938 ‘Arena 
42/ Bo a Z 3 | oa ‘a | 
g| 83 Bo rat £12 | Pee. 8 he 
a. |e is) Spa acenealerre etal pty ihe 
83 13 0 0 8 i 0 8| 0 490 0 pump 22.4 
84 44 0 0 35 2 27 8| 0 730 248 247 26.3 
85 3 3 0 3 0 3 a y y 38.5 
86 29 10 0 23 1 23 0; 0 y z 9001 25.4 
87 0 87 1,500 1,500 24 
a7) 180 iGap byl aes } 110 | 57 | 35]{ 5505 | S300 oe 
89 146 1 0 26 1 6 20 0 z z pump 23.2 
90 2 2 0 2 0 2 0; 0 1,400 1,100 34.5 
91 6 0 y y y 0 0| 0 935 x x z 
92 2 0 0 2 0 2 Os 8 2,461 2,461 €2,446 31 
93 28 22 0 23 4 23 0 | O |1,1854-1,725 z 100-1,375 21.2 
94 2 0 0 2 0 0 2 0 570° 570 pump 47 
95 11 1 0 5 4 4 1 0 1,150 x y 44.3 
96 3 0 0 1 0 0 1 0 100 0 pump 45 
97 2 2 0 2 0 2 0} 0 | 590-1,100 590-1,100 42.6 
98 6 0 2 0 0 0 0 0 280 0 0 29.7 
99 41 1 0 6 23 3 3 0 | 874-1,400 2 = 36 
100 0 0 ll 0 0 il 0 x ump 
101 } 43 { 0 o| 22 | o| o| 22] 0 \ 290 { 2 at \ 28.2 { 
102 25 0 0 1 0 0 1 0 800 y y 19.9 
103 43 4 0 41 2 38 3 0 2,640 2,450 2,538 28.6 
104 8 0 0 5 1 3 2 0 150 x 200 38.8 
105 1 1 0 0 1 0 0| 0 y y 46.5 
106 52 0 0 0 0 0 eam Ed = 0 24 
107 13 3 0 9 0 0 9] 0 400 x pump 36 
380 
108 13 2 0 5 6 3 2) 0 1,300 z 60 23 
875 
109 13 0 0 4 8 1 0; 3 365 50 50 22.6 
110 25 18 0 23 0 22 L).0 4,700  |3,600-4,700| 3,600-4,700 55 
111 316 0 0 43 0 0 43 0 2 zt pump 23.8 
112 25 25 0 22 0 22 0 0 F x z 35.8 
113 34 3 0 15 0 5 10| 0 375 x £ 35 
114 4 2 0 2 0 2 0; 0 x F 4 2 53 
115 88 0 0| 39 4 0} 39] 0 236 0 pump 47 
116 95 0 0 54 8 ui 47 | 0 x 2 pump 47.5 
117 44 3 0 31 3 29 2] 0 900 x 700 25.2 
118 272 10 0; 89 OA) § AR eet 0 355 = pump 27.6 
119 169 1 x 154 5 100 54 | 0 1,900 x pump-650 25 P 
36. 
120 8 8 0 8 0 8 0; 0 1,080 x 300-1,080 38.5 
121 11 0 : 1 0 0; 0 2,450 2,450 2 55.8 
122 14 4 0 13 0 13 0; 0 1,010 1,000 700 25 
123 13 0 0 9 3 6 0; 3 500 x 300-1,000- 43 
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Producing Rock 


Deepest Zone Tested 
to End of 1938 


Depth, Average in Feet 
“ Name Agee g Name of fab, 
3 Bottoms of | To Top of | . aa Ft. 
8 Productive | Productive] & 2 |e | 2 
Z Wells Zone 3 | # |Ae_| 2 
# s | & |se8| 2 
4 5 rey | estan | 
83 | Frio Ole = |{ Pisr | sigs} Ss | Por | 33 | Ds | Frio 7A7I8 
84 | Frio Oleg | Sis7 | stan ft] 88 | Por | 20 | NF | Vicksburg 8,271 
85| Frio Olig 7,724 7,716 5 31 8 Ds | Frio 7,732 
86 | Marginulina Olig 5,662 5,551 Ss Por 10 D | Frio 6,518 
87 | Mio Mio 4,016 3,990 SH Por 23 D 7 
88|Marginulina =——_| Olig 5,700 5,000 Ss | Por 26) eD \ Vicksburg 7,957 
89 | Cap rock, Pli, Mio, Mid, | Pre-Ter, 4,350 936 L_ | Cay, 46z | Ds icksburg 6,056 
Mio, Olig Plio, SH | Por 
Mio, Ss 
. Olig 
90 | Frio Olig 7,730 7,705 Ss 30 5 | AF | Frio 8,430 
91 | Mio Mio 2,385 2,375 iS) Por 10 | ML |} McElroy 5,526 
92 He a ae aes a Ss Por 12 Ds | Vicksburg 7,408 
atahoula 10, i 440 24 ‘| 
93 {ea : Ole Haris 4392 | 8 | Por | 79 | AF | Vicksburg 7,025 
94 | Yequa : Eoc 4,284 4,267 8 Por 8 | NF | Yegua 4,379 
95 | Hockleyensis, Cockfield | Koc 4,992 4,434 i) Por 10 D_ | Cook Mt, 6,212 
96 | Cockfield (Pettus) Eoc 3,650 3,545 5 Por 8 | NF | Yegua 4,252 
97 | Frio Ae Olig 7,150 5,712 SH | Por y D | Vicksburg 9,225 
98 | Cap rock, Marginulina | Pre-Ter, | 830-5,800 800 SH | Cav, 33 Ds | Vicksburg 7,375 
Olig ‘ Por 
é 2,090 2,020 S 
99 | Catahoula,’ Frio, Yegua | Mio, Olig 3,533 3,500 SH | Por 28 D | Cook Mt. 6,789 
oc 5,287 5,200 
100 | Mio, Heterostegina Mio, Olig 4,300 4,100 SH | Por y D 5 
101| Frio lig 4,593 4400 | SH | Por | y | D \ Whitsett 1808 
102 | Mio, Mid-Olig_ Mio, Olig | 4,825-5,677 |3,700-5,644| 5, SH | Por 60y | Ds | Vicksburg 6,800 
103 | Frio, Marginulina Olig i ,005 SH | Por 10 Ds | Vicksburg 9,045 
104 | Hockleyensis Eoc 3,676 3,500 SH | Por Lz D_ | Cook Mt. 5,038 
105 | Pettus (Cockfield) Eoc 4,226 4,221 SH | Por 5 | MF | Cockfield 4,272 
106 | Pli, Mio Pli, Mio 1,200 400 Ss Por y Ds 
107 | Mio, Fo, Vicksburg | Mio Oke| 5188 | 4073 | SH | Por | atz| De |} Yous end 
108 | Cockfield (Pettus) Koc 2,828 2,136 Ss Por 8 | AF | Cook Mt. 4,502 
109 | Catahoula, Frio Mio, Olig oon 3,075 SH | Por 20 | DF | Frio 6,860 
110 | Frio Olig 9,965 8,632 8 Por 22 D | Vicksburg 11,130 
10,650 
111 | Pli, Mio, Mid-Olig, Frio | Pli, Mio, 2,500 5,300 Ss Por 302 | D 7 
Olig SH Frio 7,550 
112 | Frio Olig 6,123 5,585 Ss Por y D 
Mio, 1,300 
113 | Mio, Frio Cockfield Ohi, Fae 1,266 Ss 20x 30 Ds | Crockett 10,085 
; 0c 5 , 
114 | Frio Olig 7,880 7,830 Ss Por 10 D | Frio y 8,843 
115 | Cockfield (Pettus) Koc 3,900 3,860 Ss Por 19 | DF | Queen City 7,569 
116 | Cockfield (Pettus) Koc 3,926 3,616 Ss 32 15 | DF | Mt. Selman 7,569 
117 | Marginulina Olig 4,710 4,690 8 Por 16 | A | Hockleyensis 8,888 
118 | Mio, Frio, Vicksburg Mio, Olig | 3,800-4,800 '3,780-4,780| Ss Por 1302 | Ds | Hockleyensis 7,165 
119 | Heterostegina, Frio Olig 4,765-5,995 4,745-5,900| SH | Por 15 Af ; 
Frio 7,242 
120 | Frio Olig 6,382 6,370 SH | Por 15 Af 4 
121 | Frio Olig 6,800 6,650 8 Por 100 D | Frio 8,115 
122 | Cockfield (Pettus) Eoe 4,277 3,036 §s Por y | NF | Cook Mt. 4,256 
123 ee Olig 6,250 6,240 8 Por 15 | DF | Frio 6,780 
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Saber pital Total Oil Production, Bbl bag ree 
% 
— 
Ss 
Field, County = 
ee B f To Endo During | ToEnd} During 
8 7} Oil.) Gas 1938 1938 | of 1938 | 1938 
a 
Z 3 
g & 
id < 
124] Port Neches, Orange (3,150 ft.)......... 10 Ge 0 4,851,418 375,447 | 1,8251 1201 
125 Weat:(5,044 ft.) sorters sacl one 2 0 47,074 41,266 241 21 
126] Raccoon Bend, Austin (3,490 ft.)....... 11 1,458 \ 600 | 16,623,466 475,028 z z 
127 (49120 fi lie ee ee ee oko ties 5 1,354 3,660,494 731,357 z z 
M20) ay. Baers... seckisewase ca eee 4 367 0 1,384,435 118,423 1,798 2 
i BEES. Refugio en 1: Gee ena ate ut ner y z i rere z z 
130 (ean a ee ee AE Re A ,091, e" 
TBA Pita ieee, oc aR 3| ‘a0 |f2720 | 37,577,028 { 223,492} z |} 17,1101 
132 Rockland, Jasper-Tyler. 0. ..2ck nese ll 20 0 30,858 0 
133} Rosslyn (Fairbanks), Harites toes eee 1 40 0 9,501 9,501 z E 
134] Sandy Point, Brazoria................ 2 260 20 170,467 118,883 1191 831 
136)'Saratoga, Hardin. ,s2.20.<.s2... «00 38 538 0 28,773,149 323,255 2 z 
166 Sarco, Goltad,ctiaeaus) Oat cetbeice tant 1 20 0 1,165 1,165 z z 
137) Satsuma, Harrie¢.: oc. cc cece eee 3 180 0 259,241 105,208 181! 741 
138) Sobwabi Polkiteee: vas le ate eens 5 90 0 128,616 22,705 x & 
189| Seabreeze, Chambers............-...-. 3 120 120 133,639 103,575 1,1741 6681 
140 pare ty AG 6a coea austen is aon atthe 3 360 0 1,099,439 632,006 z = 
L441 Fox Deeps hiatus scien 2 eee 1 0 681 68,681 z z 
142 Silsbee Hardin’. a hits Cee 690 0 1,039,105 602,877 2,8641 9671 
143) Slick; Golsadasteer ose ee torn nem 8 30 10 943 3,183 361 = 
144/ Sour ‘Lake, FORO: (mod cies dea vie nae Oe 946 0 78,992,425 438,889 = F 
145) South Houston, Harris................ 4 590 0 4,400,669 | 1,131,983 8181 566! 
146] South Liberty, Liberty................ 14 345 0 15,447,177 188,900 z = 
147| Spindletop, Jefferson................. 38 : 0 51,364,967 205,567! 2 z 
80 
148 Desp 48 sitesi cosatna sacs ee 13 0 73,383,288 616,7021 bd £ 
149 Splendor, Montgomery ieivas sens od’ 5 100 0 996 eiar = 2 
oi 
150) Stratton Ridge, Brazoria.............. 17 25 0 12,214 | Prod. de- x z 
pleted 
1933 
151] Sugarland, Ft. Bend.................. ll 1,165 0 27,480,645 | 1,222,435 2 z 
152) Telferner, Victoria..........0...-0000s 2 30 40 26,722y 25,722 x z 
153} Thompsons, Ft. Bend................. 8 4,900 0 29,888,213 3,996,851 | 15,0001 2,000! 
154) Tomball Harvie’ cStach one cance ore 6 8,400 1,200 11,397,985 2,576,578 | 22,7961 5,1521 
155} Tom O' Conner eente He eren iaeee 5 6,600 0 11,001,983 | 4,345,963 6,601! 2,6071 
156) Tuleta, Bee. , ah Pate oe As Ie 125 0 1,678,458 135,038 1691 14! 
157) Tulsite, Bee: .ce easak eae atees 1 0 10 as 2 F 
158| Turtle Bay, Chambers................ 4 520 40 870,603 395,750 6091 277 
159| Vanderbilt, Jackson.................. 5 40 50 162,187 18,923 x x 
160| Voss, Bee..... RD a ei ee a} 8 80 0 73,047 5,627 z z 
161) Webster, Harhte tit Aone ca ase hen 2 2,300 0 1,168,518 | 1,079,087 |. 1,169 1,080! 
162)" Weser*Gatiad jdi0c0 cckeas tine 3 100 0 2,556 0 2 x 
163| West Beaumont, Jefferson.............| 3 390 0 883,682 532,468 = E 
164| West Columbia, Brazoria..............| 24 a 0 80,848,441 692,844 x z . 
ic NBW eicader ne sot a cewinienaanee 2 0 1,097,223 949,299 2 2 
167| West Ranch, Jackson................. 1 100 0 19,258 19,258 2 z 
168] Willow Slough, Chambers.............. 2 360 0 102,416 101,672 z z 
169] Wilson Creek, Matagorda............. 2 50 0 43,901 19,467 fe zt 
170| Withers, Wharton..............,.. eH OB 2,138 900 1,727,807 928.321 8641 350! 
171 (Five Corners)............. He Oe 3 x 600 54,408 y 1,5381 7501 
LZZICWONtD) Obs inkacucenea ensures 4 50 0 27,275 0 Fd z 
173 Totalcc, Sor nines. ork. arene 128,352y | 15,750y | 1,263,087,340 [92,530,467 | 301,1442| 86,0492 
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Oil-production Character of 
Number of Oil and/or Gas Wells Methods at End Pressure, Lb. per Sq. In.¢ Oil, Approx. 
of 1938 Average 
during 1938 
i Gravit; 
During 1938 ery of Number of Wells Average at End of API at 
60° F. 
=) lote e} = 3 Ss 
i a 2 = e fo) O Tnitial4 : 
Bg] 85 Sue cet de w | we 1937 | 1g3g¢ | Weighted 
z 26 2 AE ‘s ‘8 a 2 5 Average 
Pees ss eee |B Beg 
a] oS ‘s) =| & | A] & & 15 
124 18 0 0 18 0 5 13 0 980 pump-500 25 
125 1 0 0 1 0 1 0 0 150 150 38.1 
126 142 0 0 84 1 1 83 0 275 x 50 28.2 
127 89 0 1 85 1 68 17 0 21,800 x x 34.1 
128 43 0 7 17 0 0 17 0 e1,755 0 pump 46 
129 z 3 x 34 x 9 25 0 550 x y 33 
130 487y { 30 z 100 2 89 11 0 1,700 y 1,050 39.5 
131 1 2 18 x 13 5 0 z y 600 38 
132 8 0 0 0 0 0 0 0 2 2 x 21 
133 0 1 0 1 0 1 0 0 1,800 1,800 39.3 
134 8 2 0 8 0 8 0 0 2,200 2,025 2,000! 41 
135 , 1b7z 0 0 236 0 0 236 0 zt y pump 20 
136 il 1 0 1 0 1 0; 0 x pump 35 
137 10 i 0 9 0 9 0 0 2,400 2,400 2,400 44.5 
138 4 0 0 3 0 3 0; 0 1,400 y y 48 
139 8 1 0 3 5 3 0 0 3,600 3,600 3,600 50 
140 36 9 0 32 0 31 1 0 1,450 1,400 1,000 39.5 
141 8 8 0 8 0 8 0 0 950 950 950 36.8 
142 38 ll 0 35 2 35 0 0 5754 x 5004 44 
143 5 0 0 1 0 1 0 0 550 z 500 46 
144 7822 0 y 193 0 il 182 0 EA Ed pump "0 
1,000y- 
145 98 0 0 94 67 PT a0) 1,600 pump 25 
146 326 3 43 0 3 40 0 50 pump 24 
147| 1,002 0 x 0 0 x z pump 25 
‘ 153 15 138 
148 360 12 x 0 0 400+ x pump 26 
149 1 0 0 0 0 0 0 0 2,000 z z 65 
150 4 0 1 0 0 0 One s0 z z 7 29 
151 71 0 y 51 2 40 st i) e1,570 y y 28.1 
152 4 3 0 2 0 2 0; 0 900 900 320-1,560 27.8 
153 235 23 y | 227 2 202 25 0 2,430 €2,340 Ed 25 
154 454 68 0 394 60 376 18 0 €2,490 y 7] 41 
155 369 142 0 364 1 364 0 0 1,040 880 880 35.5 
156 91 0 y 23 vi 9 14] 0 792 a pump 47 
157 1 1 0 0 1 0 0; 0 1,450y 1,450y 
158 33 6 0 30 2 26 4/ 0 2,400 x y 32 
159 2 0 0 1 0 0 1| 0 500 0 pump 32 
160 7 0 0 1 1 0 EG) z a 2 45 
161 106 94 0 106 0 105 ‘i 0 950 950 950 29 
162 1 1 0 0 0 0 0}; 0 750 0 650 46.5 
163 50 15 0 46 2 45 17} 0 x z x 26 
164 245 4 0 38 0 8 28 | 0 £ 2 pump 20.1 
165 55 45 0 54 0 50 4/0 625 625 625 28.1 
166 
167 4 4 0 4 0 4 0| 0 1,700 275-1,700 25.4 
168 10 4 1 5 4 5 0 | 0 3,300 3,300 3,300 e 
169 1 0 0 1 0 1 0.) 90 x © 3 
170 78 35 0 75 2 75 Oo 800 775 200-1,800 26.1 
171 22 = |: 9 0 16 6 16 0 0 2,350 2,350 2,350 25.6 
172 2 0 0 0 0 0 0; 0 850 x 30.3 
173 | 17,451 | 1,637 852| 8,4512 | 340 | 5,575 | 2,834 | 40y 3 
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OIL AND GAS PRODUCTION ON THE TEXAS GULF COAST 


Producing Rock 


Deepest Zone Tested 
to End of 1938 


Depth, Average in Feet 


é N f Hole 
ns : ame of Hole, 
a Name Age Bottoms of | To Top of | ~ gs 4 Ft. 
g Productive | Productive] 8 e les 2 
z Wells Zone 2 | @ |eEs| 3 
zg A | 8 |s2e8| 8 
4 o ay Zz nm 

124 | Pli, Mio, Frio Pli, Mio, 5,929 3,122 SHS | Por 40 | DS J 
’ Olig Vicksburg 7,667 
126 | Whitsett, McEL Boe pio | s200 | a [ase] te lye 
itsett, McElroy oc ’ , S = i 
127 | Cockfield Boe rico | 2010 | S& | 23 | 3p |} DF| Claiborne 106} 
128 | Cockfield (Pettus) Eoc 3,944 3,888 SH | Por 15 DF | Yegua 4,253 
da Cente | ke a | ela de 
Tio ig A , or ; 
131 | Marginulina Olig 5,884 5,875 SH | Por y D | Vicksburg esne 
132 | Cockfield Eoe 1,275 1,260 Ss Por 10 | MF |y 3,000y 
133 | Yegua Eoc 6,956 6,947 Ss Por 9 Af | Yegua 7,495 
134 | Frio Olig 6,500 6,490 Ss Por 7 D | Vicksburg 7,012 
135 | Lagarto, Mid. Olig, Cap | Mio, Pli, 3,320 500 Ss,L | Por z Ds | Yegua 7,4616 
rock ose 
e-Ter 
136 | Vicksburg Olig 5,023 5,013 Ss Por z D | Vicksburg 5,048 
137 | Cockfield Eoc 6,835 6,825 8 Por 10 D | Yegua 7,520 
138 | Cockfield Eoc 4,877 “pin Ss 25x on NF | Yegua 5,533 
8,150 8, 
139 | Frio Olig 8,490 8,400 Ss 25 ut Ds | Frio 9,637 
8,850 8,700 
140 | Cockfield Eoc 5,150 5,140 Ss Por 10 5 
141 | Wilcox Eoe sso | si00 | Ss | Bor | 30. [{D | Wileox 9,154 
142 | Cockfield Eoc 6,950 6,900 $ Por 15+| Ds | Yegua 7,778 
143 | Cockfield Eoe 4,404 4,240 Ss Por 10 D | Yegua 4,580 
144 | Cap rock, Pli, Mio, Mid-| Olig, Pli, 4,000y 900 SH | Por z Ds | Yegua 7,914 
oe Jackson, Up. Sal.| Mio 
ay. 
145 | Mio, Frio Mio, Olig | 4,050-4,800 |3,875-4,575| S | Por | 10} Ds | Vicksburg 6,850° 
146 | Mio, Mid-Olig, Jackson, | Mio, 4,996 700 SH, | Por 100z | Ds | Upper Saline 5,174 
Yegua Olig, Ss ayou 
0c 
147 | Cap rock, Pli Pre-Ter, 1,200 750 L Cav, z 
‘ap hed Pli SH | Por Ds | Vicksburg 6,749 
148 | Mio, Mid-Olig, Frio Mio, Olig 5,900 2,920 Ss Por 69 
149 | Cockfield Eoc 5,840 5,835 Ss Por 5 D | Cockfield 6,452 
150 | Mio Mio 4,500 4,300 8 Por 10 | Ds | Mid-Olig 7,624 
151 ers Marginu-} Olig 3,800 3,460 Ss | 25+ 60 Ds | Vicksburg 7,042 
ns Frio 
152 one . Olig 5,187 : 519 Ss Por 8 Df | Frio 6,138 
153 | Mi Oli, Frio Olig 5,290 5,100 Ss 25 84 D_| Vicksburg 8,539 
154 Sa Yegua Eoc 5,5559-5,575/5, 375-5, wwe Ss 252 9 | DF | Yegua 7,438 
155 Olig 5, 969 5,820 Ss Por 45 Af | Frio 8,174 
156 Cro eld te Eoc 4,138-3,931 |4,102-3,065} SH Por ll DF | Mt. Selman 6,062 
157 | Cockfield (Pettus) Eoc 590 3,564 SH | Por 26 | DF | Cockfield 3,598 
158 | Marginulina Olig 6,615 6,600 Ss Por 10 D | Frio 8,025 
159 | Frio Olig 5,582 5,562 SH Por 8 DF | Frio 7,042 
160 | Cockfield (Pettus) Koc 4,017 3,985 8s | Por 5y | NF | Upper Yegua 4,308 
161 | Marginulina, Frio Olig 6,050 5,750 Ss Por 75+! D rio 8,452 
162 | Yegua A. _ | Boe 4,812 4,802 SH | Por 7 | MC | Yegua 5,052 
163 | Mio, Marginulina, Frio | Mio, Olig 6,756 4,560 SH | Por | 10-25 | DF | Vicksburg 8,501 
164 | Pli, Mio, Mid-Olig Boo, Pli, 3,741 2,601 Ss Por seh pally 
Nes io BS icksbur 6,306 
ee Frio, Vicksburg Olig 5,784 5,200 Ss Por : 
167 ag (Frio) Olig Ss Por y | Ds | Frio 5,127 
168 | Frio Olig 8,490-8,860 |8,450-8,650} Ss 25 20 | Df | Frio 9,056 
169| Frio Olig 9,978 9,925 Ss Por 8 Df | Frio 9,978 
170 | Marginulina Olig 5,560 5,545 8 Por 10 Df | Frio 7,244 
171 | Marginulina Olig 5,550 5,540 8s Por 8 | Df | Frio 6,511 
ee Cockfield (Pettus) Koc 407 SH | Por 5 D | Pettus 3,705 
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301 bbl. of oil per day on a %4-in. positive choke, with 1750 lb. per sq. in. 
on the tubing and 1950 lb. on the casing. 
Lovell’s Lake Field, Jefferson County.—This field produces from the 


Frio from 7716 to 7724 ft. 


7732 feet. 


The deepest zone tested was the Frio at 


TABLE 2.—Summary of Drilling Operations on the Texas Gulf Coast in 1938 


Important Wildcats Drilled in 1938 


Total Deepest 
County Survey and Tract Depth, Surface Formation Horizon 
Ft. Tested 
MT SBOOs ganeceon sanveee George A. Kerr, Hall Tract 3,598 | Lagarto Pettus (Cockfield) 
2 | Bee .| J.M, UrangaGrant, Beck Tract] 4,261 | Lagarto Pettus (Cockfield) 
RAL i ee ee eee George Kerr, Courtney Tract 3,665 | Lagarto Pettus (Cockfield’ 
@A Bragoriaa.< os. h.. 5 Breen, Copland and Osburne | 10,700 | Recent Alluvium overlying | Frio 
Beaumont 
5 | Chambers.......... State No. 1, Galveston Bay 5,967 | Beaumont Frio 
6-|:Chambérs.......0: 2.0. State No. 1-94, Galveston Bay | 4,430 | Beaumont Miocene 
wo) Chambers. 05.255... E. Douthit, Ogden Tract 7,525 | Beaumont Frio 
Sc) Burleson. 2)... Eliza Sante, Coffield 6,181 | Queen City Edwards 
9°) Fort Bend.......... D. Scott, Well 58, Moore Tract | 7,721 | Beaumont Yegua 
10 | Galveston.......... Houston Farms 2-D, Buckley | 6,818 | Recent Alluvium overlying | Miocene 
Beaumont 
11 | Galveston.......... Perry and Austin, Lobit Tract | 9,106 | Beaumont Frio 
T2nGoliaderen se oso n ac B.S. & F. No. 7, Drier Tract | 3,515 | Lagarto Vicksburg 
ASG Goliadees seer sc J. Shearn, Weed Tract 5,048 | Goliad Vicksburg 
TaaHarris eee eee J. Lindsey, Sowden Tract 5,805 | Beaumont Frio 
16-\-Harris: 5.0.) os. Reels & Trobough, Barraco 3,818 | Beaumont Miocene 
SG MEPIS << woe ae AS Reels & Trobough, Sanders 3,832 | Beaumont Miocene 
Due Elarrisee Aertel R. Reinerman, Vollmer-Neiman| 7,722 | Lissie and Beaumont Up. Saline Bayou 
MSEIMELARTIS ee fra aoe coat R. Reinerman, L. Lackner 8,096 | Lissie and Beaumont Yegua 
POP Eantis Stes 5.2 A. Larson, Mills Tract 6,853 | Lissie Cockfield 
Ql Harris. ic sciew cures 8. Lewis, Look Tract 6,956 | Lissie Yegua 
PAGEANTS teenth nee W.S. Powell, Goodykoontz 7,185 | Lissie Yegua 
22: JACKSON. «so... 2.0 Peter White, Faust Tract 2,675 | Beaumont Catahoula 
2oal JACKSON =. 254)0 0.1: J. D. Newell, Weed Tract 7,468 | Beaumont Frio 
Qa Jackson... ace cass P. Green, Broughton 7,417 | Beaumont Frio 
20:| JackSOM.. 2. 2c 07. Ramon Masquez, West Ranch | 5,086 | Beaumont Marginulina 
26 | Jefferson........... C. Hillibrant, Broussard Trust | 7,723 | Beaumont Frio 
27 | Jefferson........... §. A. Pace, McFaddin 3,855 | Recent Alluvium overlying | Miocene 
Beaumont Z 
DBs SeHELSOD. 0s. sass > Pe Beane) Broussard and | 8,600 | Beaumont Frio 
erbert 
20>\ Liberty. co. ea pe. J. Pleasant, Kirby Tract (C-21)| 9,125 | Lissie Wilcox 
BO dave Oale 050, cies O. Dacharity, McGriff 5-B 2,050 | Oakville Hockley 
31-| Tive Oak-.......... Parks-McNeill Estate 5,079 | Goliad Cockfield 
32 | Matagorda......... ré G. N. Sec. 7, Pierce Est. | 6,624 | Beaumont Frio 
‘ee 
33 | Matagorda......... P. C. Yarborough, Cornelius 7,730 | Beaumont Frio 
34 | Matagorda......... L. Goodwin, Bayshore Farms | 9,275 | Beaumont Frio 
35 | Montgomery......... W.S, Allen, Clary 4,739 | Lissie Cockfield 
BOMLOranges aches sa. J. Dyson, Lutcher Moore No. 2 5,960 | Beaumont Frio 
Sie MMOTABZCOn |. ss. een W. Dyson, Michel 7 5,576 | Beaumont Oligocene 
Cho] 20 Ate eee I. & G. N. No, 15, Regan 2 8,168 | Lissie Wilcox 
BG Refugion..2.. <-> Aldrete Grant, Rooke 1 5,920 | Lissie Frio 
AON RELURION So ou. sesec « ' Aldrete Grant, Schirner 6,328 | Lissie Frio 
AIO Refagiot suc. 2. Aldrete Grant, Rooke 2 5,370 | Lissie Frio 
AP WRELUZIO; 2 «2.1 2 1 cs Refugio Town, Mitchell 2-D 5,450 | Lissie and Beaumont Frio 
ASROLUGION ath ete oes sie Lopez, Neiman 1 5,247 | Beaumont Frio 
44 | Victoria .| Burham, Robertson 1 5,114 | Beaumont Frio 
45\)| Victorias. 22s... .<. M.deLeonGrant, Keeran No. 1} 7,013 | Lissie Frio 
AGB APN ictOrlal, -%.,. ces. wns si | Benavides-Vanderberg and Hill| 6,370 | Beaumont Frio ‘ 
ATMPVICLOLIG et. a ie crs E. Benavides, Henderson and | 4,730 | Beaumont Heterostegina 
Pickering at : 
Refugio Town, Power 9 6,800 | Lissie and Beaumont Frio 
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North Markham Field, Matagorda County—The North Markham 
field was discovered by the Ohio Oil Company’s Cornelius No. 1 at 7730 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Production Pressure, Lb. 
per Day Choke per Sq. In. 
Drilled by ase res ee 
Oil, Gas, Inch : A 
Usps Millions Casing | Tubing 
Bbl. Cu. Ft. 
1| Herbert Aid et al. Spray 3 y% P. 1,050 1,250 | Discovery, Tulsita 
2| Dirks Bros. 52 P 625 300 | Discovery, North Normanna 
3 | Atlantic 18 Pump Discovery, 8. Tulsita 
4| Harrison and Abercrombie 307 ¥ P. 4,200! | 3,800! | New sand, Old Ocean 
5 | Std. of Texas and Salt Dome 650 \ P. 920 | Discovery, Cedar Point 
6 | Standard of Texas 240 y%P 0 100 | New sand, Cedar Point 
7 | Salt Dome Oil Corp. 1.037 4 P. Discovery, 5. Anahuac 
8 | Red Bank Oil Co. 127 Pump Discovery, Chreisman 
9 | Gulf Oil Corp. 44 \% Pp, 2,050 1,975 | New sand, Orchard 
10 | Sun Oil Co. 29 4 P. 1,900 1,700 | New sand, Green’s Lake 
11 | Midwest Roy. Co. 301 %a P 1,950 1,750 | Discovery, League City 
12 | DeArman & Itinard 2 14% 4g uj and | 1,790 830 | New sand, Maetz 
6 
13 | Rual B. Swiger 8 Dp Discovery, Sarco 
14| West Production 5 0.625 | % iS P; Oe 2,390 2,390 | Discovery, Clear Lake 
6 P. 
15 | Stanolind O. & G. Co. 408 0.070 ae 425 380 | New sand, Clinton 
16 | Stanolind 0. & G. Co. 154 4 Pp. 270 230 | Extension, Clinton 
17 | Jack Frazier 616 0.462 \%4 P. 1,510 1,100 | Discovery, Eureka Heights 
18 | Jack Frazier 237 1.754 4 P. 1,900 1,650 | New sand, Eureka Heights 
19 | Amerada-Stanolind 675 0.374 \% P. 2,400 1,100 | Discovery, Fairbanks _ : 
20 | Stanolind O. & G. Co. 250 0.450 y% P, 2,100 1,800 | New sand, (Rosslyn) Fairbanks 
21 | Union Prod. Co. 12 4 P. 2,660 2,660 | New sand, Fairbanks 
22 | Potter & Adams 270 oe P 330 250 | Discovery, Cordele 
23 | The Texas Company 78 3 1l64 P 2,750 1,100 | Discovery, Francitas 
24 | Wynn Crosby 288 Ke P. 2,000 1,800 | New sand, Francitas 
25 | Magnolia Petr. Corp. 132.5 4 P. 800 325 | Discovery, West Ranch 
26 | Glenn H. McCarthy 105 4 P 2,700 2,250 | Discovery, Cheek 
27 | Shell Petr. Co. 605 0.191 4 P. 1,600 970 | New sand, Clam Lake 
28 | Sun Oil Co. 1,066 78 “4 drill | 4,100 4,100 | New sand, Labelle 
stem 
29 | Gulf Oil Corp. 43 4.5 \% P. 2,750 2,600 | New sand, Cleveland 
30 | Simmons 144 Ke P. 780 150 | New sand, Oakville 
31 | Hantho-Nelson \% Pp, 950 850 | Discovery, Ramirena (McNeill) 
32 | Pierce Estate 241 0.096 eo P. 1,700 700 | Discovery, McCrosky (Armour) 
33 | Ohio Oil Co. 135 ¥g P, 1,400 865 | Discovery, N. Markham 
34 | Sun Oil Co. 151 3.02 i. 043 4,900 5,100 | New sand, Palacios 
4 P. 
35 | Housh-Thompson 36 442 36 P. 1,755 1,650 | Discovery, West Conroe 
36 | Union Prod. Co. 587 0.186 \% P. 875 900 | New sand, Orange 
37 | Red Bank Oil Co. 127 0.210 Ko P. 1,150 925 | New sand, Orange 
38 | Gulf Oil Corp. 632 0.569 %P, 1,350 1,200 | New sand, Segno 
39 | Coronado 114 \ P, 1,400 775 | New sand, La Rosa 
40 | Rutherford 96 4g P. 925 750 | New sand, La Rosa 
41 | Coronado Expl. Co. 25 4 P, 2,190 2,160 | Discovery, La Rosa 
42 | Morgan 135 \% Pp, 900 500 | New sand, Refugio (Bonnie View) 
43 | Rutherford & Barnsdall Spray 92.5 2 2,225 2,125 | Discovery, Wootsbero 
44 . V. Bowles 42 P. 1,050 800 | Discovery, E. Telferner 
45 | Barnsdall 94 342 P. | 2,650 1,875 | Discovery, Keeran 
46 | Stanolind O. & G. Co. 130 WP, 2,150 1,900 | New sand, East Placedo 
47 | Stanolind 0. & G. Co. 20 2 1,840 1,840 | New sand, East Placedo 
48 | Union Prod. Co. 140 \% P. 2,450 2,425 | New sand, Refugio 
1 Estimated. 2 Open flow. 
Numiber.of wells drilling Deo. 31, 1058 hcesnifoc) at vax cctok ocean: Ota eae aes oer ete en et z 
Number'of oil wells comploted during 1088 ..": 542.55, :..0 <n aniee douse Gunn wianiatine evn caa niet 1,637 
Number, of gas wells completed duting 1088. .\cnenacaccecv Gee eact cate nue nee cae 340y 
Number of dry holes completed during 1938,..,..........05 Pa ncacen ts PAGO ptteae : z 
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ft. in the Frio for 135 bbl. of oil on a 1-in. choke, with 865 lb. per sq. in. 
tubing pressure and 1400 lb. casing pressure. The Frio was tested 
at 8430 feet. 

Mission River Field, Refugio County—The Mission River field 
produces from Oligocene sands at 5712 and 7150 ft. The Vicksburg was 
tested at 9225 feet. 

North Normanna Field, Bee County.—This field was discovered by 
Dirks Bros. No. 1 Beck at 4261 ft. in the Pettus sand (Cockfield). As 
yet it does not promise a very large production. 

East Placedo Field, Victoria County.—The East Placedo field produces 
from the Frio at 6370 ft. It was discovered by Stanolind Oil and Gas 
Company’s Vanderberg and Hill well for 130 bbl. of oil on a %-in. choke. 

Rosslyn Field, Harris County.—The Rosslyn field was discovered by 
Stanolind Oil and Gas Company’s Looke well at 6956 ft. in the Yegua, for 
250 bbl. of oil and 450,000 cu. ft. of gas on an 1g-in. choke. It appears 
to be an extension to Fairbanks rather than a new field. 

Sarco Field, Goliad County—This field was discovered by Rual B. 
Swigers’ Weed No. 1 at 5048 ft. in the Vicksburg for a small producer, and 
as yet does not show much promise. 

Segno (Deep) Field, Polk County.—The Gulf Oil Corporation’s Regan 
No. 2 was completed in the Wilcox at 8168 ft. for 632 bbl. of oil with 
569,000 cu. ft. of gas on a 14-in. positive choke, which started develop- 
ment of the Wilcox at Segno. The Wilcox production in the Texas Gulf 
Coast area is causing considerable play in the older fields. 

West Ranch Field, Jackson County.—Magnolia Petroleum Company’s 
No. 1 West Ranch discovered this field in the Marginulina at 5086 ft. 
The well produced 132 bbl. of oil on a 14-in. positive choke with 325 lb. 
per sq. in. tubing pressure and 800 lb. casing pressure. This well tested 
the Frio at 5127 feet. 
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Oil and Gas Development and Production in North Texas 
for the Year 1938 


By H. B. Fuqua,* Memper A.I.M.E., anp B. E. THompsont 
(New York Meeting, February, 1939) 


THE area discussed herein, commonly known as the North Texas 
district, embraces the following 10 counties: Archer, Baylor, Clay, Cooke, 
Foard, Hardeman, Knox, Montague, Wichita and Wilbarger. It is 
underlain by two major structural features. The northernmost portion 
of the district, including Cooke, Montague, northern Clay, Wichita, 
Wilbarger, Foard and Hardeman Counties, is underlain by the system of 
buried mountains known as the Red River uplift, which is parallel to and 
closely related to the Wichita-Amarillo uplift of Oklahoma and the Texas 
Panhandle. While the presence of a great majority of the numerous oil 
fields of the area is traceable to this feature, the production in Archer, 
southwestern Clay and southeastern Baylor Counties is due to the 
influence of what is known as the Cisco arch (so called because of its influ- 
ence on Cisco deposition), the axis of which extends in a northwest-south- 
east direction across southwestern Wichita County into Archer County. 


DEVELOPMENTS DURING 1938 


Important discoveries in the district were considerably more numerous 
and of more economic importance than for several years. In addition 
to a number of small, relatively unimportant discoveries and to the usual 
local extensions to the various producing fields in the several counties, at 
least eight fields, most of them apparently of considerable areal extent 
and importance, were found. 

The Helmerich and Payne, Incorporated and Blackwell Oil and Gas 
Company No. 1 Wilson, 4 miles southeast of the town of Holliday, in 
north central Archer County, encountered a pay of Strawn age at a 
depth of 3841 to 3858 ft., and was completed for an initial production of 
1952 bbl. This well opened a new deep pool in the K. M. A. producing 
zone 8 miles southeast of the K. M. A. production. Subsequently an 
additional deeper horizon, also of lower Strawn age, was discovered 


by wells that failed to yield commercial oil from the horizon of the 
discovery well. 


Manuscript received at the office of the Institute Feb. 13, 1939. 
*Gulf Oil Corporation, Fort Worth, Texas. 
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About 4 miles east of the above-mentioned discovery, Fain-McGaha 
drilled their No. 1 Wilson (McCrory) “G” to a depth of 4760 ft. This 
test was completed for an initial production of 280 bbl. from a limestone 
pay, 4727 to 4760 ft., which is of undifferentiated Pennsylvanian age 
(lowermost Strawn or Bend). 

A mile east of the town of Scotland, in east central Archer County, 
near the Clay County line, Adams Oil and Gas Co. completed its No. 1 
Moer for an initial production of 115 bbl. daily in a pay of Strawn age, 
which is somewhat lower stratigraphically than the K. M. A. deep 
horizon of Wichita County. No additional development has taken 
place, to date, in the vicinity of this discovery. 

In Baylor County, 8 miles east of Seymour, British American Oil 
Producing Company’s No. 1 Green was completed in Canyon limestone 
pay, 2580 to 2605 ft., for an initial production of 158 bbl. of oil with 
considerable water. This well opened a new pool, the second in the 
history of development in the county. 

In northeastern Cooke County, 11 miles northeast of the town of 
Gainesville, the Sinclair Prairie Oil Company’s No. 1 Best was completed 
in a lower Strawn sand, 4887 to 4900 ft., for an initial production of 
912 bbl. daily. This test is well down in the Marietta syncline, which 
flanks the Criner Hills uplift of Love County, Oklahoma, to the southwest 


TABLE 1.—Ozl and Gas Production in North Texas 


Area Proved, | Total Oil Production, Bbl.| Number of Oil and/or Gas Wells 
Field, County During 1938 At ae of 
: To End of During ° 
bs] 223 Oil Gas £2 
2 2 S 1938 1938 3s zy 3 2 = 
5 Su Seq || a ae) |S 
BS es) 2)/3) 3. 8, 
- i] ao Ei} a | 62 |38 
g os bs | 8 | 8 | 28 [2s 
ia aa is) S| CaaS ol 
1 | Deep production, Archer.....| 7 2,000 0 182,297 180,778 44 42 0 44] 0 
2 | All other fields, Archer.......| 26 | 23,300 0 | 112,629,972 | 3,799,970 | -6,626 77 | 189 | 3,814 | 0 
3 | Portwood, Baylor............ 14 600 0 4,016,271 462,769 185 0 0 165 | 0 
4 | Petrolia,!:? Clay.............| 36 1,100 | 4,000 7,176,524 458,527 755 106 3 552 | 39 
5 | Worsham, Clay............- 15 400 0 320,616 84,208 10 2 0 6] 0 
6 | Bruhlmeyer, Cooke.......... 3 900 0 2,455,597 526,071 129 2 2 127.1) 0 
7 | Walnut Bend, Cooke........ il 100 0 17,887 17,887 2 2 0 a 
8 | Miscellaneous, Cooke......... 13 3,300 100 | 12,715,623 | 1,185,948 814 105 3 809 | 2 
9 | Johnson, Foard............-- 6 0 400 1,194,573 187,219 14 2 0 9 3 
LOmchatia, Moar ,v cece ewes os ¢ 12 0 0 289,739 17,420 13 0 0 tee 
11 | All fields, Montague.......... 16 6,000 500 | 28,304,212 1,904,311 | 1,041 55 0 915 | 21 
12 | Deep production, Wichita....| 7 | 25,0004 0 5,809,489 | 4,809,427 841 741 0 841 | 0 
13 | All other fields, Wichita......| 27 | 41,300 0 | 305,540,746 | 5,482,709 | 11,353 131 | 165 | 6,581 0 
14 | All fields, Wilbarger.......... 26 10,000 0 | 65,289,931 | 3,029,481 | 1,988 41 43 | 1,362 | 0 
15 POtRES ats aeittsieys aor 114,000 | 5,000 | 545,948,477 | 22,146,725 | 23,815 | 1,306 | 355 | 15,184 | 69 
wh ENE ————————EE—————————EE— 


Footnotes to column heads and explanation of symbols are given on page 240. ‘ 
1 Th Petrolia feld satel gas production was: 99,041,621 M cu. ft. to end of 1938; production for 1937 was 286,300 M cu. ft. 


and 233,858 M cu. ft. for 1938. ' oe et 
2Tncludes a few isolated producers with negligible production in other parts of county. 
?Initial pressure 2360 lb. per sq. in.; average porosity of pay 20 per, cent. : x é . 
4Part of this acreage productive in shallow zones is again included in “‘ Wichita County—all other ficlds”’ and is duplicated 


in total proven acreage of district. 
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and extends in a southeast direction into Texas. The same operator’s 
No. 1 Putnam, slightly north of the discovery well, failed to make a 
commercial producer in the discovery sand and was drilled to a depth of 
6055 ft., penetrating Ordovician sediments from 5198 ft. to the total 
depth. However, it failed to obtain production in the lower levels and 
was plugged and abandoned. 

In Montague County, immediately west of the town of Nocona, the 
Rogers and Rogers (formerly Youngblood and Foree et al.) No. 1 Burnett 
was completed in a lower Strawn sand pay from 4645 to 4654 ft. for an 
initial production of 648 bbl. Several showings of oil in the section were 
reported and it is entirely possible that an oil field with several productive 
horizons will be developed in this vicinity. 

In Wichita County, just north of the town of Holliday (Archer 
County), the King Oil Co. and Madden and Goldsmith No. 1 Jackson 
was drilled to a total depth of 4537 ft. Showings of oil were encountered 
in the lower Strawn section but it failed to make a commercial producer. 
It was plugged back and completed for an initial production of 500 bbl. 
per day in a Canyon (Pennsylvanian) pay from 2641 to 2715 feet. 

In southeast*,Wichita County, near the south limits of the city of 
Wichita Falls, the Petroleum Producers Co. and Continental Oil Co. 
No. 1 State Insane Asylum was drilled to a depth of 5405 ft. and plugged 
back to 5365 ft. Ordovician dolomite (Ellenburger) was encountered 
at a depth of 5266 ft. and, while pay records on this well are somewhat 
confused, the well appears to be producing oil from undifferentiated 


TABLE 1.—(Continued) 


. . Character of 
Oil-production | 5: Deepest Zone 
Methods at Oi ym ecg Producing Formation Tested to End of 
End of 1938 during 1938 1938 
Wimber'oe Gravity Depth, 
A.P.I. at Average 
Wells 60°F in Feet - 
eee 5S 
8 Name Agee g 8 Name 
g . To Top of r RS & Ae lars ; 
= Fa a Weighted Produc- | $ | 2] +3 2 3 ‘Si 
Al TS a Average tive Zone i ‘e@| & 8 3 as 
| = 5 a6 
dlelé 6\|a|2~| 2 Bs 
1| 44 0 41.0 Strawn zone Pen 4,000 | SL| 2 y y | Cam-Ord 5,270 
2 0 3,814 38.5 Numerous Pen 1,300 | SL] z 10+ | ML | Cam-Ord 5,750 
3 0 165 36.5 Swastika sand Pen 1,400 8 | 2 10+ | ML | Pen (Strawn) | 4,265 
4 0 552 36.0 Numerous Per, Pen} 1,500 8 | a 10+ | A | Cam- 4,289 
5 6 0 38.0 Worsham pay Pen 3,850 | LS} z 50+ | D | Pen(Bend) | 5,127 
6; 0 127 41.0 Bruhlmeyer sand| Pen 2,000 | S | a 15 AD | Pen 2,500 
Ty. 92 0 35.3 Strawn sand Pen 4,900 | S |20%] 25 Cam-Ord 6,055 
Bl 40 809 35.0 Several Pen-Ord| 1,200 | SL} 2 10+ | AD | Pre-Cam 3,790 
9 9 0 43.0 Johnson lime Pen 3,800 | LS} a 30+ | AF | Pre-Cam 5,003 
10 0 “4 39.0 Thalia sand Pen 2,000 | SL| z 22+ Pre-Cam 
11 0 915 29.0 Numerous Pen 1,000 | SL| z 20+ | AD | Pre-Cam 2,915 
12} 700y 141y 43.0 K.M.A. (deep) Pen 3,800 | LS| # | 100+ | AM | Cam-Ord 5,430 
13 0 6,531 39.0 Numerous Per-Pen| 1,500 | SL| z 20+ | AM | Pre-Cam 3,502 
14 0 1,362 37.0 Numerous Per-Pen| 1,800 | SL| x 20+ | AD | Pre-Cam 3,007 


15 | 761 | 14,423 
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lower Pennsylvanian and Ellenburger beds between 5128 and 5365 ft. 
This well was completed for an initial production of 136 bbl. daily. 


GENERAL COMMENTS 


Acid treatment of wells, which has played an important part in the 
development of certain limestone areas of the district, was not practiced 
to a great extent during the year 1938. However, it appears at this time 
that a number of the deeper discoveries discussed above, including those 


TaBLE 2.—Summary of Drilling Operations in North Texas 


Important Wildcats Drilled in 1938 


Location Total 
County Depth | a, 
Fee Survey Sec-Blk, > 
SPAT cher rs ati toate nasrdornase sais once Wilson No. 1 ATNCL 25 3,858 Pen 
eeWArchere ny Rewer reks ada oaee doce s: Wilson(McCr) No.2} ATNCL 25 4,363 Pen 
SPAT CHOC Samaras tic isles Cnetetaiss mses fe cio Wilson No. 2 ATNCL 25 5,270 Pen 
PP PATCUOH Meet aoe Mee. nailer Se aicies Toca otis Moer No. 1 Cl. & Pl. 21-3 4,165 Pen 
SI ECHGE Ws Sites He ctnvatevarpbetatafaceye sia%r1c)=)2icis Siesers « Wilson (Me) G-2 | ATNCL 44 4,760 Pen 
Galbyichitaeewrcesse ncn. celina stecaae 4 Jackson No. 1 Denton Co. Sch. 20 4,537 Pen 
MM AVV ACHILA A etch oun ae kre cies te cokes wails St. Ins, Asyl. No. 1| Cher’ke Co. Sch. 1 5,405 Pen 
DE MSAVIOR Meese Recut e soa caters Cee Green No. 1 T.& NO 215 2,635 Pen 
DPR MES LYON sAemactais id tatine «/adbornavete es <7 cievefararee Portwood No. 1 TEL. 3144 5,560 Pen 
MOM INC liyatoete el atin wbtomdente Merkeacecu tres Edwards No. 1 8. J. Beldon Abst. 12 6,354 Pen 
WN ONtAC ICC: naes.. ois kane die deeyorcestuvresve qyareias Burnett No. 1 J. Lenow Abst, 483 4,656 Pen 
LOMPOC OOKE Meet Oh ene cen denen os ec henes Best No. 1 T. Toby Abst. 1054 | 4,900 Cre 
I COOKG ner ae ir vat xc inners cial sa | sae el Putnam No. 1 T. W. Wood Abst. 1089 | 6,055 Cre 
Lae | -COOKO MSP ete ka ihc nuked mete ohare. Voth No. 2 W. W. Fulton 1,793 Cre 
ALSO WWAMOSIN BOL erat ert tes ccsots) «i pfavare eialclersie1s dialer Rene Wpecone: No.| H. & T. C. 63 «14 2,899 Per 
RECOM bAbtCT EN, Ce psakicie onlncedesdess N.N. Waggoner No.| H. & T. C. 42 4 | 3,765| Per 
42 
i 


Important Wildcats Drilled in 1938 


Initial Pro- 
duction ae Agee 
Deepest Horizon : per Day Sega 
Tested Drilled by eet Remarks 
Oil U8: | Casing | Tubing 

1] Strawn (KMA) | Helmerich-Payne-Blackwell 1,952 y y | Opened new deep pool 

2| Strawn L Blackwell-Helmerich-Payne 960 y y | Opened deeper horizon 

3 | Cam-Ord Helmerich-Payne-Blackwell 1,104 625 150y | Tested Ellenburger; P. B. Strawn 

4/ Strawn L Adams Oil and Gas 115 140y y | Opened new deep pool | 

5 | Bend (?) Fain-McGaha. 280 y y | Probable Bend production 

6 | Strawn L King Oil aad Madden and 500 y y | Test lower Strawn; P. B. Canyon 

; Goldsmit - 
7 | Cam-Ord Petr. Prod. and Continental 650 y | Production (probably from lower 
Strawn) and Ellenburger 

8 | Canyon British American 158 90 y | Opened new pool 

9 | Cam-Ord Wilcox Oil and Gas Dry Top Hllenburger 5460 
10 | Cam-Ord Walter H. Gant Dry Top Ellenburger 5995 
11 | Strawn L Youngblood-Foree 648 y y | Deep pool opener 
12 | Strawn L Sinclair-Prairie 912 660 (S.L.) 40 | Deep pool opener 
13 | Ordovician Sinclair-Prairie ; Dry Ord. topped at 5198 
14 | Cam-Ord Whitfield-Pearson-Grimes 432 y y | Opened deeper horizon 
15 | Pen-(Cisco) Phillips Petr. Co. 172 y y | New pool-new sand 
16 | Pen-Ord Contact | Phillips Petr. Co. 344 New horizon-old pool 


i 
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in Archer and in Baylor Counties, will tend to revive the practice of 
acidizing as the development progresses. 

During the years preceding 1938, it is doubtful whether the restric- 
tions of proration had any great effect upon the production of the district. 
However, because of the large flush production developed during that 
year, it is believed that the allowed production of some of the fields in 
the district, particularly K. M. A. and the new Walnut Bend production 
of Sinclair Prairie in Cooke County, is at this time considerably below 
that which they could produce without restrictions. 


OuTLOOK FoR 1939 


During the year 1938 there were 1306 oil wells completed in the 
district as compared to 718 during the preceding year. Of this number, 
770 were in the 3800-ft. producing horizon in the K. M. A. field. Produc- 
tion of the K. M. A. field was approximately 5,000,000 bbl., as compared 
to a production of about one-half million barrels during the year 1937. 
Production of the North Texas district increased from 20,465,105 bbl. 
in 1937 to 22,146,725 bbl. during 1938. Therefore, the inference is 
obvious that the production of the district as a whole would have 
decreased materially during the year 1938 had it not been for the inten- 
sive development carried on at K. M. A. Since activities at K. M. A. 
will be greatly decreased during the coming year, and since it appears, at 
this time, that development in other newly discovered areas will be at a 
very moderate pace, it is not anticipated that the production of the 
district for the year 1939 will greatly exceed that of the year just passed. 
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Oil and Gas Development in North Central Texas for 1938 
By H. W. Imuouz* 


AcTIVE interest in the North Central Texas area centered in the 
development of the Palo Pinto limestone-producing zone, near the town 
of Avoca, in the northeast part of Jones County. This producing 
horizon was discovered in 1937, in the Iron Mountain Oil Company’s 
well No. 1 Olander, in sec. 196, B.B.B. & C. survey, at 3238 to 3250 ft. 
During the development of this pool, it was generally referred to as the 
Avoca pool. As a second pool has been discovered in the same pro- 
ducing zone, also near the town of Avoca, the writer has taken the 
liberty of changing the name of the original Avoca pool to Avoca- 
Olander pool. 

Forty producers had been drilled in the Avoca-Olander pool by the 
end of 1938; their initial ranged from 28 to 300 bbl. per hour. 

Stimulus was given to the interest in the development of the Palo 
Pinto limestone when the Ungren-Frazier No. 1 Griffin, in sec. 199, 
B.B.B. & C. survey, Jones County, found the limestone from 3225 to 
3250 ft., with an initial production of 931 bbl. per day. (This new pool 
has been given the name of Avoca-Griffin pool, by the writer.) The 
best well to be completed, up to the present time, is the Bert Fields No. 1 
Taylor in sec. 199, B.B.B. & C. survey, which had an initial production of 
748 bbl. in 3 hours. 

The Owen-Snebold No. 1 McKeever in sec. 158, B.B.B. & C. survey, 
in northwest Shackelford County, added to the interest in the Palo 
Pinto limestone when it extended the Ivy pool with a well in the Palo 
Pinto limestone from 3145 to 3183 ft., and was estimated good for 
6,000,000 cu. ft. of gas and 6000 bbl. of oil per day. 

During 1938, Stonewall County obtained its first commercial pro- 
ducer when the Stonewall Oil Co. in No. 1 Parriott discovered the Palo 
Pinto limestone saturated from 5169 to 5176 ft. and tested 371 bbl. 
per day. 

Two new producing horizons were discovered about 2 miles east of 
the old Noddle Creek pool, Jones County; the first, the Humble Oil & 
Refining Co. No. 1 Irvin, in sec. 48, block 18, T. & P. R. R. Co. survey, 
which had saturated limestone from 2550 to 2567 ft. and was good for 
100 bbl. per day; the second, in the Humble No. 1 Horton, sec. 40, which 


Manuscript received at the office of the Institute March 29, 1939. 
* Consulting Geologist, Abilene, Texas. 
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TaBLe 1.—Oil and Gas Production in North Central Texas 
ee eee 


Area. : : 
Proved, Total Oil Production, Bbl. 
Acres 
Ageia eee 
Years 
Field, County to End 
5 of 1938 
‘ To End of During 
g = 1938 1938 
2, , 
a 
is a a ge ge 
1 | Bull-Allcorn, Brown.............-.-- ah bt 100 126,035 3,774 
2 pue, Br Gwihrat Raters cone: be one aa ae Aw 43 290 835,117 10,775 
3 id. Store, Browns owwi can cce ore oe Sica 250 398,392 7,091 
4 B iidress) Browitic. cathe wracantets ein GE 180 826,043 44,058 
5 | Clark-Buffalo, Brown.............. ll 460 775,320 14,708 
6 | Cross-Cut, Brown..:............5- 17 2,300 6,125,155 117,845 
TAR eU es TOW sce an care Yee oe 13 940 7,710,705 91,939 
8 | George, Brown.................. ll 200 757,240 25,366 
9 | Smith-Ellis, Brown....... oust 12 450 2,253,601 48,678 
10 | Stover, Brown......... oe ee apy a b. 1,500 7,006,463 158,344 
11 | Other Fields, Brown........... “3 5,595 2,432,769 61,620 
12 Total Brown County. - 12,265 29,246,840 584,198 
13 | Baum, Callahan... 13 500 864,654 15,612 
14 | Hatchett, Callahan. . 11 375 1,341,494 58,378 
15 Isenhour, Callahan...... 15 600 2,133,345 50,501 
16 | Moutray, Callahan...... 12 400 2,422,978 92,045 
17 | Other Fields, Callahan... .. 9,515 6,970,848 244,617 
18 Total Callahan County. 11,390 13,733,319 461,153 
19 | Burkett (Shallow), Coleman. 14 850 2,257,955 70,769 
20 | Burkett (Deep), Coleman 8 200 676,678 14,618 
21 | Dibrell, Coleman. . 11 170 381,367 40,026 
22 | Eastland, Coleman. 10 270 1,998,818 42,944 
23 | Jennings, Coleman. ll 135 461,050 10,758 
24 | Overall, Coleman. . 12 200 1,239,588 43,965 
25 | Santa Anna, Colem 16 150 454,334 21,218 
26 | Stewardson, Coleman... 8 200 403,156 18,338 
27 | Other Fields, Coleman...... 985 1,820,222 92,982 
28] Total Coleman County 9,693,168 355,618 
29 | Sipe Springs, Comanche. 19 800 1,411,429 19,417 
30 | Other Fields, Comanche... .. y 4,130 4,130 
31 Total Comanche County. . 1,415,559 23,547 
32 | Desdemona, Hastland, rath, Comane 20 6,175 22,985,291 161,508 
33 | Hillburn, Fastland.................. 19 400 1,102,103 9,055 
34 | Mangum, Eastland 16 300 "847/881 55,242 
35 | Pioneer, Eastland. . 19 1,400 5,442,207 98,112 
36 | Ramsour, Eastland. . 13 250 1,456,606 31,533 
37 | Other Fields, Eastland. 27,660 63,976,230 698,166 
38 Total Eastland Count 30,010 72,825,027 892,108 
39 | Howard, Fisher...... ae 4 68,331 21,616 
40 Royston, Fisher. . aoe 10 2,880 9,537,623 726,910 
41 | Rotan (Hobinson), FU Fk ek, Wee, eae ee 2 492,722 391,834 
42 | Rotan (Bennett), Fisher. . re Soe A ee P Ment 1 80 17,625 17,625 
43 tae! a Nena 3,640 10,116,301 1,157,985 
44 | Moody, H. ll 40 103/210 5,648 
45 | Other ae Gi sskelt 458 29,171 29,171 
46 Total Haskell County. . 40 132,381 34,819 
47 | Sandy Ridge (Higgs), Jones. As BN yr Pee AA : .| 18 450 237,420 44,560 
48 | Dorsey-King, Jones........ .| 18 600 2,712,458 441,120 
49 | Jennings-Leuders, Jones | 4 160 505,420 122,500 
50 | Noodle Creek, Jones... 11 1,030 6,494,031 188,794 
51 | Guitar (Hawley), Jones. 2 0 565,254 176,874 
52 | Sayles, Jones........ 6 640 988,610 373,291 
53 | Avoca-Olander, Jones Sie 640 409,015 367,939 
BA VAvoog-Criflin, Ones. nba. names ae tints x10 held Nace asc % 640 4,540 4,540 
BB Leis d Oeb iss GaPaakaeaien pave ue Gatare ie tele Si tuben ce ts Bie ay 2 300 246,018 227,449 
KE] bel ene a ONAS GAT: o hern.2 8G Lan «ee autos a ly Samanta: vadeatea ON enters 1 160 21,266 21,266 
57 | Irvin (Noodle Creek), isd Sh hee ae 1 1,200 36,713 36,713 
BS} Other: Rielday J of68s ciivdih sree cone et Airc ie Moan s pers 300 122,366 34,408 
59 Total Jones County. he oe 6,520 12,343,111 2,039,454 
60 Cook, Bhackeyond sje isc en ends abs keds atria ec ee le 13 1,460 15,213,037 635,401 
61 | Frye, Shackelford Ree ieatss See er de an tate 13 115 311,539 6,193 
62 | Hope, Shackelford. . dearer OR Ak roe ene kee 15 220 1,219,052 21,803 
63 | Ibex, Shackelford....... Sree wun Oe ORO Me ave marke 17 1,240 2,411,944 37,860 
64 | Bluff Creek, Shackelford eS Pi Gala cairns Mord SPiiu 8 940 2,718,516 480,879 
65 | Newell, ia bs Pee HAR ashe ate at eet LM SAR UR TREE te ae tinier 13 640 770,600 44,644 
66 | Petroleum Producers, Shackelford. .... 2... 0 00.000 c ccc ce eee 9 100 138,438 8,761 
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Average Oil ede not Character of Oil, 
Production “Wells at End | APprox. Average Producing Rock 
per Acre during 1938 
of 19388 
Gravity A.P.I. Depth, Average 
at 60° F, in Feet 
ToEnd of 1938| Pr paren Name Agee poe Structure? 
3 ae acter 
Maxi- | Mini- To Top of Pro- 
mum mum ductive Zone 
1,260 13 40 37 Fry sand Pen 1,150 8 ML, N 
2,879 28 40 38 Fry sand Pen 1,300 8 ML, N 
1,593 8 38 37 Bend Pen 2,450 L A 
4,589 62 38 33 Childress sand Pen 800 8 ML, N 
1,685 34 44 40 Fry sand Pen 1,150 8 ML, N 
2,662 206 41 39 Cross cut sand Pen 1,200 8 ML, N 
8,203 117 44 40 Fry sand Pen 1,300 8 ML, N 
3,786 42 40 38 Fry sand Pen 1,300 8 ML, N 
5,008 51 42 40 Fry Pen 1,300 8 ML, N 
4,671 203 42 40 Blake Pen 1,200 s ML, N 
1,729 36 40 38 Cross Plains Pen 1,700 ) ML, N 
3,577 98 39 38 Moutray Pen 400 § M,L 
3,555 143 38 36 Isenhour Pen 700 8 M,L 
6,057 ae 39 36 Moutray Pen 750 8 M,L 
1,351 
2,656 180 35 34 Burkett Pen 400 s M,L 
3,383 34 43 40 Cross Cut Pen 1,550 8 ML, N 
2,243 11 44 40 Gwinnup Pen 1,900 § ML, N 
7,402 31 43 41 Gwinnup Pen 2,000 $ ML, N 
3,415 25 40 38 Fry Pen 1,150 8 ML, N 
6,197 24 44 40 Strawn Pen 2,300 i) A 
3,028 8 40 38 Fry Pen 1,500 8 ML, N 
2,016 25 40 38 Fry Pen 1,450 8 M,L,N 
1,848 59 
397 
1,764 Se 37 34 Strawn Pen 300 8 A 
113 
3,722 96 44 34 Desdemona Pen 2,750 § eet 
2,755 2 39 35 Bend Pen 3,100 L MN 
2,826 46 42 33 Strawn Pen 1,200 $ N 
3,887 58 42 40 Caddo Pen 2,450 L AF 
5,826 9 40 38 Bend Pen 3,600 8 N 
2,312 393 
- 508 
1,708 2 37 35 Pen 3,670 L A 
3,311 112 41 38 Saddle Creek Pen 3,100 L A 
770 28 40 37 Camp Colorado Pen 3,500 L M,N 
221 we 40 37 Camp Colorado Pen 3,600 L M,N 
2,580 , 37 36 King Pen 1,800 $ N 
11 
527 22 38 37 Bluff Creek Pen 1,900 s N 
4,520 103 42 37 6 Cisco sands Pen 1,900-2,300 § A 
3,158 21 40 37 King Pen 2,040 8 A 
6,305 85 39, 38 Camp Colorado Pen 2,500 L MCA 
1,413 66 38 37 Cook Pen 2,000 L A 
1,544 43 Al 40 Cook Pen 1,950 8 N 
639 40 40 38 Strawn-Canyon Pen 3,200 L A 
3 40 38 Bluff Creek Pen 1,900 iS) A 
383 45 38 37 Bluff Creek Pen 1,900 s ML, N 
133 16 38 37 Bluff Creek Pen 1,900 S ML, N 
5 40 38 Swastika Pen 2,900 8 ML, N 
408 14 
10,419 240 38 36 Cook sand Pen 1,300 S$ ML, N 
2,707 25 36 34 Frye sand Pen 450 8 ML, N 
5,541 32 38 36 Hope sand Pen 1,500 8 ML, N 
1,945 21 40 38 addo Pen 3,500 L N 
2,892 210 39 38 Bluff Creek Pen 1,600 s N 
1,209 43 38 36 Tannehill Pen 1,100 8 ML, N 
1,384 13 40 38 Bluff Creek Pen 1,650 iS) ML, N 


+ Footnotes to column heads and explanation of symbols are given on page 240. 
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had Swastika sand from 2915 to 2926 ft. and was good for 450 bbl. per 
day. Later in the year the Texas No. 6 Carter in sec. 13, block 19, T. & 
P. R. R. Co. survey, Jones County, 2 miles west of the Humble-Horton 
well, discovered the Swastika sand from 3132 to 3154 ft. and was good 
for 100 bbl. per day. 


TaBLE 1.—(Continued) 


Area 
Proved, Total Oil Production, Bbl. 
Acres 
Age, 
Field, County Rao 

8 of 1938 

g Oil To End of During 

3 1938 1938 
a 

eo 

| 

& 

67. |-Simmons-Hatveys Shdokel/ord sy cocee ole cic vim =e! iainleiaiu es sys ta resent 13 160 334,778 38,558 
68 | Tannehill-Matthews, Shackelford... ............cc cece cece eens 11 300 2,228,449 100,420 
GON Tey Sihackelfondoucige ss... 2ecata ise ahetes 5 oe ares PE re ev aw See 1 400 147,676 147,676 
70: Other Welds: Shackelford. £825. Se iicswnws since c. cuter eaide Lon cate 10,256,688 581,995 
71 Total Shackelford County ic. i. . si bs ew sien cw atlevcs ewcee wen 5,575 35,750,717 2,104,190 
12)\\ Carry Stephene seen scuycaiteiet dae cae siehmrecanetiees aretha 18 2,580 9,420,869 95,672 
73:4 Strawn, Stephens. meee ee cs titers dake sihcole Sis me eee teed, See 21 850 4,511,557 89,911 
74} Other fields, Slephens: ics ss) gaat tonwins co as ree eee Skee cameee 44,570 111,146,287 1,173,292 
75 Total Rtephens! County so. sce wom cicle eci- + on clelan elelalee elaine 125,078,713 1,358,875 
70.| Carlisle: Stonewall Soe, aaikle sn Sala: «leu ate ainis teapot ee ayaa 1 40 2,582 12,582 
77..\\Mbscellandduss L ayloriine.s 2. are gett tie ew lee = vlonlv a aleeiewis mere 170 269,507 28,833 
78 | Woodson, (Shallow), Throckmorton. ............20c0c0eeeeveees 13 120 709,385 13,620 
79'\|, Woodson, Deep) 2 irockmorton fists a... sersicince- vp siete seine s seek 14 260 1,788,529 44,993 
BO i OGhera, Par con mono alos: xesca Otter er eeys Onie ke eee ie ane 720 89,997 58,439 
81 JotalT hroskmoxton’ Countys0 ss tae ess ee seas becoaeitace 1,100 3,187,911 117,052 

Average Oil ae as tee Character of Oil, 
Production = Approx. Average Producing Rock 
Wells at End . . 
per Acre of 1938 uring 1938 
Gravity A.P.I. Depth, Average 
8 at 60° F. va Hee 
Producing Char- : 
E To End of 1938 Oil Only ; - Name Ages ber Structure? 
om Maxi- | Mini- To Top of Pro- 
A mum | mum ductive Zone 
I 
67 2,092 12 40 38 Bluff Creek Pen 1,700 NS] N 
68 7,428 90 39 37 tot Pen 1,150 $ MLN 
Ing 8 
69 23 40 38 { Strzmn-Canyon | Pen | 1,900-3,200 | A 
70 1,079 
71 1,788 
| 5308 | 39 | 37 | Straw Pee oh ER Gee 
i trawn Pen 1,850 5 ML, 
74 2,493 541 i 
i a 40 3 Si C 
8 trawn-Canyon Pen 5,300 L 

77| 1,585 14 ef ~ 
78 5,911 10 38 36 Strawn Pen 2,350 8 ML 
79 6,878 10 39 37 Caddo Pen 3,900 L A 
80 132 
81 152 
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Oil and Gas Development in the ‘Texas Panhandle for the 
Year 1938 


By Henry Roaarz* 


(New York Meeting, February, 1939) 


Oil—During the year 1938, there were 434 oil wells drilled in the 
Texas Panhandle, increasing the daily initial production by 192,706 bbl. 
—that is, 229 fewer oil wells drilled than in the previous year, with a 
decrease in total daily initial production of 129,626 bbl. The total 
daily potential of the field on Dec. 1, 1938, as determined by the Texas 
Railroad Commission, was 1,250,645 bbl., an increase of 210,663 bbl. 
over the previous year. On Dec. 1, 1938, the daily allowable of 82,466 
bbl. was assigned to the field to be produced from 3931 wells. The 
total amount of oil produced for the year was 23,227,170 bbl. The total 
proven productive area includes 148,298 acres. This is 30,248 acres 
more than for last year, and represents a more accurate calculation of the 
areas and not new discoveries. 

Gas.—There were 103 gas wells drilled during 1938, having a com- 
bined open flow of 3,166,300,000 cu. ft.; that is, 65 less than the number 
of wells drilled in 1937, with a decrease in the open flow of 3,144,488 
cu. ft. per day. 

Pipe-line Gas.—The pipe-line companies withdrew 230,307,854,000 
cu. ft. of gas (a daily average of 630,980,000 cu. ft.). The total with- 
drawals by pipe line decreased 5,624,481,000 ft. from that of 1937. 

Natural Gasoline-—Throughout the greater part of the year, 46 
gasoline-extraction plants processed 1,376,186,000 cu. ft. per day, a 
total of 502,308,010,000 cu. ft. for the year. This gas yielded about 
275,875,000 gal. of natural gasoline. The total daily capacity of all the 
plants is 2,519,500,000 cu. ft. During the latter part of 1938, one of 
these plants was shut down, leaving 45 plants operating at the close 
of the year. 

Carbon Black.—Thirty carbon-black plants operated during 1938, 
burning 266,881,000,000 cu. ft., or a daily amount of 731,180,000 cu. ft. 
This produced approximately 400,000,000 lb. of carbon black. During 
the year one plant was dismantled and two plants were shut down. 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Consulting Geologist, Amarillo, Texas. 
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Refineries—The total runs to the eight operating refineries for the 
year 1938 were 13,382,127 bbl., or a daily average of 36,663 bbl.—a 
daily increase of 672 bbl. over 1937. 

Storage.—The oil in storage decreased 1,695,008 bbl., that is, from 


TABLE 1.—Oil and Gas Production in Texas Panhandle 


Oil 
Pro- 
Area Proved, | Total Oil Production, er cg Number of Oil “8 Tree 
Areas Bbl. lions Cu. Ft. and/or Gas Wells — per Sq. In. 
End of 
1938 
County |. ge | Dur- a Num- Average at 
8 & Me | of ber of End of 
= mT | 1938 Wells 
hee S 1938 
°o 
= : Pees (at 
g oa To End of | During | To End | During} & 
3 =| Oil | Gas 19382 1938 | of 1938 | 1938 | 2 
| E ie am ek 
S © Ai 2 is |*/8 ry ee 
4 re E| & |SelelselSle3| 08 
o > se 
5 2 S| & |ESEes|s (Se) 8 
1| Carson..... 17| 19,570] 220,383] 29,935,263} 2,343,420 781; 76 y| y |430/335.8/337.9 
DN Grays sewer 13] 58,845} 119,815|148,165,348/ 10,976,850 2,258] 158 uy} y |480/822.8/294.1 
3} Hartley... ./10 0} 39,380 0 0 4 0 u| y |4380/426.8/424.8 
4} Hutchinson.|16} 60,993] 171,244/128,508,601| 7,225,170 2,276) 242 y| y |430/306.3)/291.3 
5} Moore..... 12 640} 404,736) 4,275,759] 431,730 340) 34 u| y |4380/394.8/388.8 
6| Potter..... 19 0} 110,349 33,822 0 51 2 v| y |4380)/406.1/406.0 
7| Wheeler....|13} 8,250} 121,299} 14,704,584} 2,250,000 725} 24 y| y |430)282.5|268.6 
Total.... 148,298] 1,187,206/325,623,377|23,227,170|7,445,544) 614,462/6,435| 536 1,532 Av}|350.6/345.6 


¢ Footnotes to column heads and explanation of symbols are given on page 240. 

1 Figures for 1937 included only commercial producing oil acreages (over 4000 bbl. ine acre recovery). The figures for 
1938 include oil-producing acreage and proven commercial nonproducing acreage. his accounts for the increase in the 
figures for 1988 over those for 1937. 

2 The Dy png figures for the early life of the field were poorly kept, if at all; therefore, these early years consist of esti- 
mate. he figures in this table include these estimates and are higher than those in the paper on the ‘‘ Crude Oil Reserves of 
the Texas Panhandle’’ by Henry Rogatz, Oil Weekly, vol. 92, No. 5, page 40. In the latter article, the figures are actual 
pipe-line production records from each individual lease, and do not include some very early production figures, 


7,296,008 bbl. to 5,601,000 bbl. The total storage capacity at the 
end of the year was 16,816,500 barrels. 

New Developments.—For the first time, no new oil-producing areas 
were opened up, and no additional proven acreage was added to that of 
the previous year. 

Wildcats.—Fourteen wildcat tests were completed, none of which 
discovered oil. One test (ITIO Davis, in southwest Sherman County) 
was completed for a 35 million cu. ft. gas well, which stopped in the 
upper Pennsylvanian (Cisco). The remaining wells were distributed 
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among the following counties: Armstrong, 1; Bailey, 1; Childress, 2; 
Collingsworth, 1; Cottle, 1; Dallam, 1; Hall, ie Hane ocd Al Vaies 2; 
Ochiltree, 1; Barner Is Roberts. 1: pieematy Le Ad of thee fests 
were amy. 


TABLE 1.—(Continued) 
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Character 
Ot : : Deepest Zone Tested 
an Producing Formation to End of 1938 
during 1938 
Gravity Depth, 
A.P.I. at Average 
60° F. in Feet 
4) 2 3 
e Name Agee =i os ge Name 
2 Sei = Bs 
aot 3 | SB 5 2 4 25 
5| 38 B2/3e| = lfed| 2 oe 
o| =e SelGe| & [eles a6 
o 
S| =< ge | 8 S limi ee he 
Big | ee series (Wichita-Al- | Per-Pen | 3,150) 3,050 {P Da,| 2 | z | AF | Granite Wash (E y 
1 39 La zone) 
Granite Wash (Cisco?) Pen GW 
4 Lan series (Wichita-Al- | Pen 3,100 3,000 iw D z | « | AF | Granite Wash E y 
2 39 La zone) 
a Wash (Cisco?) Pen GW N 
\isbany) Lime series (Wichita-Al- |} Pen 3,200] 2,900] GW | aaa Sime ae Wash (E y 
3 zone. 
meee Wash (Cisco?) 
pied Lime series (Wichita-Al- | Pen 3,000] 2,900] GW «| a | AF | Arbuckle (Ord) | 5,333 
4 35 y) 
Géanite Wash (Cisco?) 
5 31 Lower Big Lime series Be 3,500} 3,400) L z | «x | AF | Arbuckle (Ord) | 8,013 
Wichita-Albany (Cisco?) Pen 
Big Lime series (Wichita-Al- | Per-Pen | 2,500] 2,300) D 
6 y 
1 ay) Wash (Cisco?) GW Gor) Ae ey Wash (E y 
zone 
bag 2 La series (Wichita-Al- | Per-Pen | 2,550] 2,450 Ber z | x | AF] Arbuckle (Ord) | 2,957 
7 37 
\ae Gee Wash (Cisco?) 
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Development along the Fault Zone of South Central Texas 
in 1938 


By JosrpH M. Dawson* 


(New York Meeting, February, 1939) 


ALTHOUGH eight new fields were discovered along the south central 
fault-line district of Texas during 1938, only one can be considered as of 
major importance, and as a whole the year was one of no very great 
development. Several prospects, particularly two, were condemned 
through drilling, which had been considered important for probable 
Edwards limestone production. The oil produced was approximately the 
same as during 1937; namely, about 9 million barrels. This, of course, 
does not represent potential production but that allowed under proration. 
The year witnessed the very rapid decline of operations and interest in 
Austin chalk production. It has been found that only in rare instances 
will chalk production pay for itself, because the wells decline extremely 
rapidly and the recovery per acre, formerly estimated at 2500 bbl., is 
now considered to be around 1000 barrels. 


TaBLE 1.—Discoveries in South Central Texas in 1938 


Field See Formation Prose, Bo | eve 
Chriesman-Burleson............ 7,182 | Edwards 11,000 5-25-38 
DunlsyeMeding s-. ee aes 716 | Serpentine 1,933 4-15-38 
Wrios LOWD-ETION aces wince 2,680 | Austin chalk 1,000 (est.) | 3- 7-38 
Tea Coste-Bexaren.o cn ene ee or 1,196 | Anacacho lime 1,211 8- 4-38 
Riddle-Bastrop ts. «<0 setae ee 1,773 | Austin chalk 13,658 6-24-38 
PhatteleHTiO\. 0.5 saves. mrolenincande 4,800 | Austin chalk 703 10-20-38 
Sisterdale-Kendall.............. 1,002 | Ordovician lime 364 10- 7-38 
Walnut Creek-Caldwell......... 1,335 | Serpentine 5,611 6-24-38 


There was an intent interest in the drilling and producing of edge and 
abandoned properties in the three Edwards lime producing fields; namely, 
Luling, Salt Flat and Darst Creek. Many good wells were completed on 
properties formerly considered below the water level or produced beyond 
the economic limit. The Edwards is penetrated only a few inches and 
a very small charge of acid is used. The results have been surprisingly 


Manuscript received at the office of the Institute Feb. 13, 1939. 
* Geologist, Gulf Oil Corporation, San Antonio, Texas, 
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good, even where leases appear to have been produced to the extreme 
commercial limit. There were 494 wells drilled as compared with 567 in 
1937. Of this number, 238 produced oil, 5 gas, and 251 were failures. 
Only 16 wells were drilled by so-called major companies, the remaining 
operations being by independents. 


TABLE 2.—Summary of Production 


Piel Pa Fie a 
Somerset-Atascosa........... 213,538] Bruner (Salt Flat)-Caldwell...] 1,415,933 
Bateman-Bastrop............ 41,013] Walnut Creek-Caldwell....... 5,611 
Carroll-Bastropes sss 20. cs 11,593] Pearsall-Frio.................| 195,024 
Cedar Creek-Bastrop......... 20,354] Shattel-Frio................. 703 
Hilbig-Bastropen. cee sere. oo. 118,553] Darst Creek-Guadalupe.......| 2,674,956 
NE. Cedar Creek-Bastrop.... 317) Darst Creek Extension- 
Riddle-Bastrop.a..a acs. vex 1365S |g Ciuladalupe nen eee serine. 49,516 
MOSt=astlODe cece stem ece.s cre 13,860] Manford-Guadalupe.......... 7,908 
Alta, Vista-Bexar.......... +s. 3,141] Nash Creek-Guadalupe....... 28,147 
Dobrowoski-Bexar........... 48,776] Zoboroski-Guadalupe......... 36,431 
Gas Ridge-Bexar............. 2,719] Sisterdale-Kendall............ 364 
LaCoste-Bexar............... 1,366] Chicon Lake-Medina.......... 9,132 
Lone Oak-Bexar............. 873] Dunlay-Medina.............. 1,933 
Von Ormiy=Bexar a. igs «as ac 51,131] Hondo-Medina............... 2,378 
Yturri-Southton-Bexar....... 18,340] Ina-Medina.................. 2,2?2,455 
Branyon-Caldwell............ 726,686) Minerva-Milam.............. 72,876 
Buchanan-Caldwell.......... 71,200) Kamibro=D Travis) .2...e. 08s. 365 
Burdett Wells-Caldwell....... 34,685) Manda-Dravis...........-..- 2,564 
Wnle-Coyldwellmes seieeetcs beac: 79,001} Byersville Plug-Williamson.... 35,573 
Dunlap-Caldwell............. 25,450] Chapman-Williamson......... 82,530 
Larremore-Caldwell.......... 23,206] Thrall-Williamson............ 13,1738 
Luling-Caldwell.............. 2,546,437] Batesville-Zavala............. 465 
Lytton Springs-Caldwell...... LEC 405|" “Grand Total... cs> asc. cn, 8,821,411 


Two prospects condemned by drilling were the Paige block, largely 
held by the Humble Oil & Refining Co. in eastern Bastrop County, and 
the Shattel block in Frio County, also largely controlled by the Humble. 
Each prospect had had a very considerable amount of exploratory work 
and the structure had been definitely worked out. The Paige block 
reached the Edwards below 7000 ft. on a fault structure carrying sulphur 
water. Five wells were drilled on the Shattel block, northeast of Pearsall, 
Frio County, two of which showed oil. One was produced for a time 
from the Austin chalk but was abandoned. A deep failure of importance 
was drilled west of Carrizo Springs, Dimmit County, on what is known 
as the Carrizo Springs arch, where the Edwards was reached at around 
7100 ft. Amon G. Carter drilled a deep Ordovician failure on a well- 
recognized structure in central Edwards County, near Rock Springs. 
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Five failures were drilled in Maverick County, principally on the 
extremely large well-recognized Chittim arch. 

Of the eight fields found, only Chriesman, in western Burleson County, 
can be classed as important. The Red Bank Oil Co. completed its No. 1 
Coffield as a pumper from the Edwards limestone at a total depth of 
6182 ft. with a settled production of around 75 bbl. per day. Two failures 
had previously been drilled. The discovery produced approximately 
11,000 bbl. in 1938, and the production appears to be settled. No addi- 
tional tests have been drilled, although development will be required 
in 1939, This well is on a major faulted structure and may develop into 
a major field. 

Of the seven remaining so-called discoveries, two were from serpentine, 
four from the Austin chalk, and one from Ordovician limestone (Table 1). 

Approximately 600,000 acres of land were taken under lease as com- 
pared with 900,000 in 1937. Average cost per acre was $1.00. Most of 
the leasing took place in the large and relatively unexplored counties 
southwest of San Antonio; namely, Frio, LaSalle, Dimmit, Zavala and 
Maverick. Geophysical operations of all kinds increased considerably. 
A summation of the production by fields for 1938 is given in Table 2. 


Oil and Gas Development in South Texas during 1938 


By Micuent T. Harspoury,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


Tue area for which oil and gas development is reported for 1938 in 
this paper is larger than that covered by the report for 1937, in that 
besides Duval, Jim Hogg, McMullen, Starr, Webb and Zapata Counties, 
comprising the Laredo district, this paper also includes the South Corpus 
Christi district, which is composed of the following counties: San Patricio, 
Nueces, Jim Wells, Kleberg, Kenedy, Brooks, Willacy, Hidalgo and 
Cameron, all heretofore included in A.I.M.E. Gulf Coast reports. In 
the map, Fig. 1, the area known as South Texas is represented by the 
counties south of the heavy black line. 

Production in the South Corpus Christi district, which covers an 
area that extends inland for 50 miles and follows the coast line, is pri- 
marily in zones ranging from the Catahoula, through the Frio sands, 
into the Vicksburg horizon. General exploration is done mainly with 
geophysics because in this district production is directly dependent upon 
structural conditions. 

In the Laredo district most of the production is from sand lenses; 
therefore, because these shallow sand lenses represent old shore lines which 
are monoclinic in character, the most satisfactory method of exploration 
in the Laredo district is drilling. This type of production centers around 
Duval County and follows a northeast-southwest trend along the 
Mirando district. 

Although drilling operations showed a decline from the preceding 
year, 1938 was highly successful as far as new discoveries and develop- 
ments were concerned, and results of the year’s operations should have 
an important effect on the near future trend of exploration and drilling. 
Besides the discovery of several new fields and many new sands in estab- 
lished fields, 1938 saw the discovery of a new Vicksburg sand trend and 
the first marine drilling off the South Texas Gulf Coast. 

Many new fields were discovered during the year, but only a few 
were subjected to an extensive drilling program. Several already estab- 
lished fields, especially in the Laredo district, received a large amount of 
drilling as new sands and extensions enlarged the producing areas, a 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Consulting Geologist and Petroleum Engineer, Houston, Texas. 
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notable example being the Hoffman field in Duval County. Most active 
among the new fields were Alice, Jim Wells County; Turkey Creek 
(West Saxet), Nueces County; East White Point, San Patricio County; 
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and Fitzsimmons and Casa Blanca, Duval County. Most of the activity 

in established fields was largely centered in Hoffman and Benavides, 

Duval County; Ezzell, McMullen and Live Oak Counties; Oilton, Webb 
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County; Samfordyce, Starr and Hidalgo Counties; Luby and Saxet in 
Nueces County; and Aransas (McCampbell) field in San Patricio and 
Aransas Counties. (See Table 4.) 

There were 1141 oil wells, 76 gas wells and 218 dry holes completed 
in South Texas fields during the year. Of these, 682 oil wells, 44 gas 
wells and 143 dry tests were drilled in the Laredo district, exclusive of 
21 oil wells and 5 dry holes completed in the Live Oak County portion 
of Ezzell field. Completions in the South Corpus Christi district, exclu- 
sive of 39 oil wells and 3 dry holes drilled in the Aransas County portion 
of the Aransas Pass (McCampbell) field, totaled 459 oil wells, 32 gas 
wells and 75 dry holes. 

In a search for new producing areas, 275 rank wildcats were drilled, 
of which 17 discovered oil fields, 8 found distillate fields, 7 opened gas- 
producing areas, and 243 were abandoned as dry holes. Discoveries 
were: 13 oil fields, 3 distillate fields, 3 gas areas and 190 dry holes in the 
Laredo district; 4 oil fields, 4 distillate fields, 4 gas areas and 53 dry tests 
in the South Corpus Christi district. These figures show an average of 
one producer in 11 tests for the Laredo district and one producer in 5 
tests for the South Corpus Christi district. (See Table 5.) 

Developments during 1938 included the completion of the first well 
to produce below 9000 ft. in South Texas—the Atlantic Refining Com- 
pany’s discovery well at Weslaco, Hidalgo County, the American Rio 
Grande and Irrigation Co. No. 1, which was completed flowing gas and 
distillate on Jan. 18 from perforations at 8995 to 9005 ft. This well was 
later plugged back and recompleted at 8634 to 8642 ft., total depth 
being 9182 feet. 

On Nov. 23, South Texas became holder of the deep-well record for 
Texas when the previous record of 12,786 ft. was passed by Union 
Producing Company’s Minnie Brown No. 1, in the Agua Dulce field, 
Nueces County. Another record was set by this well when, on Dec. 21, 
it passed the record of 13,409 ft., made by Fohs Oil Company’s State 
Bay Baptiste No. 1, Terrebonne Parish, Louisiana, previously the deepest 
well east of the Rocky Mountains. At the end of the year, Minnie 
Brown No. 1 was being plugged back after reaching 13,728 feet. 

Marine (locations made either in bay or Gulf waters) drilling had its 
start during the year, an aftermath of three years of geophysical work 
that mapped structures lying in the bays and lagoons near Corpus Christi 
and down the coast in the shallow and deep waters of this district. 
Although the few submerged wildcat operations during the year were 
not entirely successful in so far as obtaining production was concerned, 
the near future should see an increase in marine drilling as the technique 
of this type of drilling is improved and facilitated. 

Vicksburg production, almost unknown in South Texas until recently, 
now appears to be favorably situated in a trend approximately 25 miles 
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wide and 200 miles long, reaching from the Mexican border lines of south- 
east Starr and most of Hidalgo Counties, thence in a north and north- 
east direction and parallel to the Gulf of Mexico into Jackson County. 
The first Vicksburg production in South Texas was discovered in Sep- 
tember 1932 by Gulf Production Company’s D. M. O’Connor No. 2 
when it flowed several million cubic feet of gas per day at 5687 to 5710 
ft., later being abandoned in heaving shale at 6860 feet. Since then 
little attention had been given to this formation, first because it was too 
deep to be drilled along the Frio trend and secondly because very few 
tests to the Jackson encountered the Vicksburg, which is a wedge between 
the Frio and Jackson formations. Impetus was given to the exploration 
of this trend through the discovery of East Premont, Jim Wells County, 
on Dec. 6, 1937, by Magnolia Petroleum Company’s A. A. Seeligson 
No. 7, which flowed 1386 bbl. of 36.5° gravity crude per day through 
perforations at 6585 to 6595 ft. in a Vicksburg sand body at 6582 to 
6694 ft. Flow was through %4-in. choke under pressures of 2000 lb. 
on tubing and 1800 lb. on casing, total depth of the well being 8165 ft. 
This field is expected to be one of the major producing areas of South 
Texas, although development to date has been rather slow. With the 
discovery in 1938 of the Alice field, also in Jim Wells County, the Vicks- 
burg trend play was on. Because of the steep rate of dip in the forma- 
tions toward the Gulf, estimated at about 200 ft. to the mile, the trend 
will probably be limited to a belt about 25 miles wide. 

Interest along the Vicksburg trend has been centered on the Kelsey 
anticline, on which two producers, 12 miles apart, were completed. These 
wells, the Sun Oil Company’s Mrs. A. McKinney No. 1, and the Humble 
Oil & Refining Company’s Mrs. A. K. Bass No. 2, were the discovery wells 
for the Sun field in Starr County and Kelsey field in Jim Hogg County. 


Propucine TRENDS 


The South Texas area covered in this report contains six producing 
trends whose productive zones range from the Miocene to the Mount 
Selman Eocene in age, as follows: Marginulina area, Frio trend, and 
Vicksburg trend, all in the South Corpus Christi district, and the Bena- 
vides trend, shallow Mirando trend and Mount Selman trend, all in the 
Laredo district. These trends extend inland from the coast in the order 
named and all tend to follow a northeast-southwest direction parallel 
to the coast lines of South Texas (Fig. 1). 

The production of oil in the Laredo area during the year totaled 
29,846,600 bbl., an increase of 313,320 bbl. over 1937. Production for 
the Corpus Christi area totaled 26,305,522 bbl. for 1938, an increase of 
1,231,249 bbl. over 1937. The production for both districts totaled 
56,152,122 bbl. for 1938, an increase of 1,544,569 bbl. over 1937. 
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Marginulina Area.—The Marginulina formation, which lies along 
the outer rim of the Gulf Coast and extends along most of the South 
Texas coast, is developed far below the surface as a wedge between the 
Heterostegina and Frio zones, and since it extends downdip toward the 
sea, it does not outcrop at the surface. Production from the Marginulina 
zone has been found in several coast fields, among them the Flour Bluff 
field, Nueces County, where it produces at depths of 6500 to 6700 ft. 
The Frio also produces along this trend at depths below 7000 ft. As 
possibilities of this area may extend down to the Vicksburg and even 
lower levels, and with marine drilling coming into its own, and all sub- 
merged tests meaning a test of the Marginulina, this trend should see 
an increasing amount of exploration with a resulting increase in pro- 
ducing areas. 

Frio Trend.—The first discovery along the Frio trend was in the 
Refugio field of Refugio County. Since then continued exploration has 
carried this trend down the coast into San Patricio, Nueces, and other 
counties farther south. Production is obtained above 4000 ft. in the 
Catahoula, between 4000 and 5000 ft. in the Heterostegina, or Greta 
sand, and below 5000 ft., to depths of more than 9000 ft., in the Frio 
zone. The Catahoula and Heterostegina zones produce lower-gravity 
crudes than does the Frio, which produces light oils and distillates, and 
so far, the Frio trend has been the most prolific of all South Texas pro- 
ducing areas. 

Vicksburg Trend.—The newest trend developed in this district is the 
Vicksburg. Like the Marginulina, this is a wedge formation, but differs 
in that its shore line is found at a much shallower level and extends 
inland much farther. The Vicksburg shore line is found at an average 
depth of 2500 ft. where it wedges between the Frio and Jackson. Con- 
tinuing inland updip, the Vicksburg is absent, the Frio becoming adjacent 

to the Jackson, as in the Laredo district. Production controlled by the 
Vicksburg shore line is expected to be found as far seaward and downdip 
from the contact point of the Frio and Jackson formations as the Vicks- 
burg sands are thick enough to provide production. This main produc- 
tive trend should continue downdip until the effect of the shore line is 
lost because of the steep dip of the formation; at this point, where the 
formations are probably to be found below 7500 ft. and continuing in 
depth seaward, production from the Vicksburg will depend on good 
structural conditions. The Vicksburg zone, because of its dip, will in 
all probability be one of thick sand bodies from which yields will be 
great when productive. It can readily be seen, therefore, that when an 
area is sufficiently close to the Vicksburg shore line to be affected by 
its oil-bearing qualifications, and at the same time be supplied with a 
good structural trap, the resulting field, sand lenses against regional 
structural features, will probably be of major proportions. Alice and 
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East Premont are examples of this type of reservoir. It is estimated 
that at the South Texas Gulf Coast the Vicksburg will be topped at 
approximately 10,500 to 11,000 feet. 

Benavides Trend.—The Benavides trend centering around eastern 
Duval County was first brought to light in 1937, with the discovery of 
Sweden and Benavides (North Sweden). However, a little shallow 
production has been obtained for many years from several known salt 
domes in that area. The Benavides field, largest in this area, produces 


Field Discoveries in 1938 with the Trend in Which Each Is Located 


Type of 
Field County Trend Production 
to Date 
Agua Dulce (North)...... Nueces Frio Distillate 
TALTCG reise tive pints arenspere a oe Jim Wells Vicksburg Oil 
Aired cect tern crates eee Jim Wells Vicksburg (Frio Oil 
sand) 
Bandera en waltons sidenote Jim Wells Vicksburg (Jackson | Gas 
sand) 
Barbacoas (North)........ Starr Mirando Oil 
IBITOsI stance, «cpicteretacione « Kleburg (Submerged) | Marginulina (Frio Gas 
sand) 
Campanavetcniensonaek eee McMullen Mirando Oil 
Casa Blancas scoen mete Duval Mirando Oil 
Gedro, Hille e x eraser tis Duval Mirando Oil 
IRUEZSIMMIN ONS wate ere te Duval Benavides Oil 
IH OUSEL Netten<onrceee eke ie Webb Mirando Distillate 
Kielseysnsnclee & acokerte cranes Jim Hogg Vicksburg Oil 
Kallam (North) siscee oo cee Webb Mirando Oil 
ParReforman snes casc. Starr Vicksburg (Frio Distillate 
sand) 
Tomar Vieldeztcaseicisvce ontate. Webb Mirando Gas 
Ubfevated aXGye SAL otrodBe tad Cie Duval Benavides Oil 
THOR y PICROHOR: wateis cree Duval Mirando Oil 
Mii SOs. ee. hitter cuore McMullen Mirando Oil 
MeAllencthieerace een Hidalgo Vicksburg Distillate 
Plymouth (East).......... San Patricio Frio (Heterostegina | Gas 
sand) 
Rum CONE ch aata tint ackrit Starr Vicksburg Distillate 
IRAVOreIdG ao cen rte ee erees lars Nueces Frio Gas 
SAGHLONA ie ae base ines Starr Mirando Gas 
Pamisalvadorn eine anes Hidalgo Vicksburg (Frio sand)| Distillate 
San) ORG ont. ctventtok dette MeMullen Mirando Oil 
Sun nibeacaihcl Section oe Starr Vicksburg Oil 
Tesoro.. Seto tl UVa Benavides (Pettus Oil 
sand) 
Durkeyy Creeks Suck ve see Nueces Frio Oil 
White Point (Hast)....... San Patricio Frio Oil 
Weslaco. eracst.s mat aemieres Hidalgo Vicksburg (Frio sand)| Distillate — 
_ Young (Charco Blanco)...} Starr Mirando Gag “VSS 


ee eee ee ee 
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from 3800 to 5400 ft., from the top of the Jackson into the Cockfield. 
This trend has shown great possibilities, and production is based on the 
idea expressed above in regard to the Vicksburg; that is, that sand lenses, 
when downdip from the shore line and found on a structural trap, will 
provide favorable possibilities. 

Shallow Mirando Sand Trend.—The shallow Mirando sand trend 
produces principally from the Jackson, and at some places from the 
Frio, Cockfield and Yegua at depths ranging from 150 to 3000 ft. Pro- 
duction is obtained mostly from sand lenses on old shore lines. Recent 
developments in the Cockfield, Yegua and lower sands point to good 
possibilities for these lower zones. However, as far as these deeper 
horizons are concerned, it is likely that fields of minor or no structural 
relief, such as the Jackson shore-line fields, will not be desirable places 
in which to drill. However, areas of sufficient structural features should 
attract deeper exploration to these interesting sands. 

Mount Selman Trend.—The Mount Selman trend, rather disappoint- 
ing to date, runs through western Webb and Zapata Counties. A little 
high-pressure gas with distillate has been found at shallow depths, but, 
so far, exploration has been rather meager. The Lopena gas field of 
Zapata County, which produces gas from the Queen City (Mt. Selman) 
sand at 2150 ft., is a good example of this type of production. 


LAREDO DISTRICT 


DuvaLt County 


Los Picachos Field—On April 13, V. G. Schimmel et al.’s E. R. 
Hagist No. 5 was completed as a pumper producing 28 bbl. of 23° gravity 
oil, 40 per cent salt water, daily, from the Government Wells zone at 
2166 to 2196 ft., to discover the Los Picachos field, 114 miles west of the 
Seven Sisters field in northern Duval County. This well topped Cole 
sand at 1536 ft. and found the Government Wells zone at 2166 ft. Sandy 
shale, sand and shells with oil and gas show, was coréd from 2166 to 2190 
ft., saturated oil sand to 2193 ft. and oil sand with salt water to 2196 ft. 
Casing was set at 2176 ft. This area is on the upthrow side of a fault 
running in a northeast-southwest direction and between it and the 
Seven Sisters field. 

Fitzsimmons Field.—On May 26, the Fitzsimmons field, northeastern 
Duval County, was opened through the completion of H. J. Porter et 
al.’s D. Fitzsimmons No. 1, which flowed 108 bbl. of 47.1° gravity oil 
per day through %,4-in. choke under pressure of 370 lb. on tubing and 
1020 Ib. on casing. The test cored broken Pettus sand and sandy shale 
with oil and gas odor at 4270 to 4295 ft. and oil sand from 4295 to 4303 ft. 
The top of the Pettus zone was found at 4261 ft. and total sand section, 
after discounting shale present, was approximately 20 ft. This area, 
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on trend with the Benavides field, is 34 mile northwest of two dry holes 
previously drilled to the Pettus. This structure is considered to be a 
monocline dipping to the southeast. 

Seconp Sanp.—A second sand for the Fitzsimmons field was opened 
by H. J. Porter’s No. 2-A Fitzsimmons, offset to the discovery, when it 
flowed 55 bbl. of oil per day from Hockelyensis sand at 3592 to 3607 ft. 
Flow was through 14-in. choke, under 1200 lb. tubing pressure and 1325 
lb. casing pressure, from perforations in the lower portion of the sand. 

Casa Blanca Field.—Magnolia Petroleum Co. completed its Duval 
County Ranch Co. No. 1 as an oil well pumping 37 bbl. of 20° gravity 
crude on a 12-hr. gauge, to discover, on May 31, the shallow Casa Blanca 
pool, 2 miles southeast of Charamousca and 7 miles northwest of Freer. 
Production was from Cole sand, containing gas odor at 1180 to 1186 ft., 
and oil from 1186 to 1190 ft. This field is considered to consist of sand 
lenses on a minor monocline. 

Tesoro Field——The Tesoro field, Duval County, 5 miles southwest of 
Alice, was discovered on June 20 by Arkansas Fuel Company’s Cuellar 
Brothers No. 1, which, on a 20-hr. gauge, flowed 78.5 bbl. of 45° gravity 
oil, 5 per cent salt water, from perforations at 5109 to 5117 ft., in Pettus 
sand found at 5108 to 5136 ft.; the lower portion of this sand showed 
salt water. Flow was through 3¢-in. choke under 150 lb. tubing pressure 
and 670 lb. casing pressure. A Yegua sand at 5406 to 5412 ft. showed 
oil but developed salt water on a test. Production is thought to be con- 
trolled by lenses on a structure showing nosing and faulting. 

Cedro Hill Field—The Cedro Hill field was opened on Nov. 28 by 
Magnolia Petroleum Company’s D.C.R.C. No. 2, sec. 189, which was 
completed as a pumper producing 50 bbl. of 20° gravity crude daily 
from Cole sand at 1445 to 1451 ft. This field, 3 miles west of the Sarnosa 
field and 2 miles south of the Colmena field, apparently is on a sand 
lense of the usual Mirando trend type. 

Longhorn Field.—Longhorn Drilling Company’s M. M. Miller No. 1, 
sec. 28, about 114 nfiles southwest of the South Sweden field, was com- 
pleted in December flowing 203 bbl. of 45° gravity oil daily through 
5g9-in. choke under 780 lb. tubing pressure and 1000 Ib. casing pressure 
to discover the Longhorn field. Production was obtained from Govern- 
ment Wells (Gravis) sand, cored at 4893 to 4899 feet. This is consid- 
ered a new field rather than an extension. Geophysics indicated a 
large structure. 


New Sands in Existing Fields 


Benavides Field.—StxtH Sanp.—Just northeast of the Benavides 
field production, F. J. Gravis’ A. I. Vaello flowed several million cubic 
feet of gas and sprayed a little distillate through perforations in the 
Cole zone at 3965 to 3972 ft., to open another sand level in this formation 
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in January. Flow was through 14-in. choke and under 1600 lb. work- 
ing pressure. 

SEVENTH Sanp.—In January, Hiawatha Oil Company’s Southland 
Life No. 6, after finding shale or sandy shale in the majority of the upper 
zones, salt water in sand at 4821 to 4825 ft., and a minor gas blow in the 
regular Pettus zone at 5390 to 5420 ft., drilled ahead to find a cap at 
5495 to 5496 ft. and sand with a few shale streaks at 5496 to 5513 ft. 
The well was completed in this zone, which compares with the productive 
5900-ft. sand in the Sweden (South) field, for a production of 300 bbl. 
of oil daily. A series of faulting accounts for the increased depth in the 
Sweden field. 

EicutTuH Sanp.—In March, Circle Oil Co. completed its Merle West 
No. 2, flowing 233 bbl. of oil through 964-in. choke on a 21-hr. gauge, as 
the first well brought in from the 4500-ft. horizon; flow was under 925 lb. 
tubing pressure and 1525 lb. casing pressure. This sand, found in this 
well at 4537 to 4552 ft., had previously been logged by a number of wells 
drilled in the field, but all were carried ahead to the regular sands below 
4700 ft. for completion. 

Charamousca Field.—A new sand for the Charamousca field was 
opened by N. V. Duncan’s Warden and Drought No. 20, which was 
completed pumping 65 bbl. of oil per day from Upper Hockleyensis sand 
at 1094 to 1101 ft. The regular Mirando sand is found several hundred 
feet deeper. ' 

Sweden Field—A new sand for the Sweden field was opened during 
the latter part of the year by Hiawatha Oil and Gas Company’s Miller 
No. 5, 4700 ft. west of production. It found sand and shaly sand at 
4895 to 4915 ft. and on completion flowed 50 bbl. of oil per day through 
14-in. choke under no tubing pressure and 120 lb. casing pressure. This 
sand is in the Chernosky zone. 


Extensions to Established Areas 


Eagle Hill Field—vV. G. Schimmel gave the Eagle Hill field a 14 
mile extension in the completion of No. 1 Foster, for a production of 
107 bbl. of oil per day on pump. This well, in sec. 206, found Cole sand 
at 1517 to 1527 ft., shale at 1527 to 1534 ft. and oil sand at 1534 to 1539 
ft., total depth. 

- Rancho Solo Field—The Rancho Solo field was extended 34 mile east 
by Stewart and Nye’s W. R. Peters No. 1, sec. 29, which produced 105 
bbl. of oil daily from perforations at 1853 to 1856 ft. in Cole sand at 
1853 to 1870 ft. The well also showed for a 30,000,000 cu. ft. gasser 
at 2586 to 2620 ft. in Mirando sand. However, after drilling to 3200 
ft., the test was plugged back to 1950 ft. and completed in the Cole zone. 

Hoffman Field.—W. A. Wagner’s No. 1 L. C. Lape, sec. 497, extended 
the Hoffman field a mile south, when it flowed 200 bbl. of oil daily from 
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TaBLE 1.—Oil and Gas Production in South Texas in 1938 
: Oil-produc- 
pay vecah Total Oil Production, Bbl. neg yee ics nd/or Moths ae 
End of 1938 
During AtEnd | Number of 
1938 of 1938 Wells 
Field, County 
; a | To End of During 2 % 
5 CS Pe 1938 1938 | $2 5 |5 
aQ Do 3S vg a to i) 
Ag é— 5/2181 8°14 |g # 
Z oo ez/ S12] 2 lslel e 
. = 
2 gs Ba; es /4|/ 2 |ElE| 2 
Ha ee Ss) O|=s| a |A| & 
1) Agua Dulce, Nueces... . 550} 9,500 508,480 197,552 6ly 8 ly| 46y 1 0 
2| North Agua Dulce, 
NUECES teas oa arose 50 0 10,252 10,252 2 2) 0 2 
3} Albercas, Webb........ 250; 200 2,483,146 19,998 100 0; 0 17 0 1 16 
4) Alfred, Jim Wells...... 60 0 30,689 30,689 3 3) 0 2 0 0 2 
5| Alice, Jim Wells....... 1,100; 200 473,969 473,969 63 63) 0 50| 8 49 1 
6) Alta Mesa, Brooks. .... 420 180 342,165 178,095 26 8 0 21 3 6 15 
7| Alta Verde, Brooks..... 50 0 9,044 5,929 6 1 0 2 0 0 2 
8| Alworth, Jim Hogg..... 80 570 27,793 0 16 Tak 0 0 0 0 
9| Andrews, Zapata....... 0; 2,000 as Gas 12 1 0| 4 
10) Angelita, San Patricio. . 40 0 31,707 783 2 0} 0 DD aa) 0 1 
11) Aransas (Gas), San 
Patpictonos seceiisee 0 80 Gas Gas 3 0 0 041%3 
12} Aransas Pass (Mc- 
Campbell), San Patricio 
and Aransas.......... 1,500 20 2,818,981 1,877,121 150 52, 0 139 2 138 1 
13} Armagosa, Jim Wells... 0} 400 Gas Gas 6 1) 0 0} 4 
14| Aviator, Webb......... 955 320 5,778,820 116,675 216 0} 2 75 0 0 75 
15} Baldwin, Nueces....... 270 0 567,724 107,969 9 0; 0 Bil ted. 0 8 
16] Barbacoas, Starr....... 80} 580 31,466 3,662 13 o} 1 2} .0 1 1 
17| North Barbacoas, Starr. 20 0} Included in| Barbacoas 2 0] 0 0 0 
18| Benavides, Duval. ..... 5,900} 200) 4,289,234 | 3,677,100 | 252 | 128) 0 | 237 | ily) 226) 11 
19) Bird Island, Kleburg.... 0 20 Gas Gas 1 1] 0 0; 0 
20| Blas Uribe, Zapata..... 0 80 Gas 2 0| 2 Ott 
21) Calliham, McMullen?... 430) 730 761,292 76,572 132 8| 5 58 | 11 0} «(58 
22) Campana, McMullen... 10 0 y y 1 1] 0 0; 0 0 0 
23| Captain Lucey, Jim 
CH PNT 5 eee 120); 200 405,239 107,450 17 0) 0 6}, 11 4 2 
24| Carolina Texas, Webb.. .|17 110| 1,460 257,111 2,184 64 0; 0 1} 14 0 1 


2 Footnotes to column heads and explanation of symbols are given on page 240. 
1 Where production 
2 Includes South Calliham. 
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TaBLE 1.—(Continued) 
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16 
17 


18 


19 
20 


24 


Character 
Pre ; : 
Lb.per ne Producing Formation Deepest Zone Testea 
Sq. In@ | Approx. to End of 1938 
Average 
Gravit; 
KPI at Depth, Average 
60° F. im Fee 
oe a) Depth 
Tnitial Name gs Name of Hole, 
Weighted BE hme le] , |ael 4 As 
aes Bes |Ssela|° 2 |ee| 2 
» | ses Ee ae es 
2\at* lets/8| 2/24] & 
Gas Catahoula Olig | (2,005 /1,998 | SH 10 
800 — fad Frio Olig | 44,675 |4,666 | SH 9 
istillate 
1,650 59 | Frio Olig /4 4,850 |4.800 | SH 30 15 DF | Yegua 13,728 
e Tio ig ; 5,295 S 2 
2,500 55 Frio Olig 6,845 |5,700 | SH 16 
1,820 Gas Frio Olig | 4,834 |4,810 | SH 30 24 DF | Vicksburg 8,706 
600 21 Cole Koc 2,175 |2,125 | 83s Por 17 MF | Yegua 3,710 
125 47 Frio Olig | 3,234 /3,223 | Ss 30-35 11 MF | Jackson 5,509 
1,350 Frio Olig | (3,533 |3,480 | Ss 2827) i 16: 
750 ies Olig | 44,799 |4,788 | Ss Por iN 
19007] 4 |, Frio Olig [4 S61 (ott | S| Por | 20 [PA | Cockfeld y | 7.885 
Frio Olig | 75,223 |5,211 | Ss Por 12 
900 Vicksburg Olig | \5,452 |5,375 | Ss Por 50 
(| ge focenie” SHS M/E) BE [8 |) |ioaoe | som 
100 26.2 Cap Rock Mio 926 | 916 | § Por 10 DS | Yegua 5,096 
21 Upper Jackson | Koc 1,030 |1,020 | Ss Por 6 ML | Jackson 2,199 
Gas McElroy Eoc 1,515 |1,510 | Ss Por 5 MF | Yegua 2,312 
1,550 33.7 Frio Olig | 5,382 |5,370 | Ss Por 10 Nf | Frio 7,131 
1,480 Gas Catahoula Olig | 3,663 |3,653 | Ss Por 10 D | Frio 6,026 
2,250 Marginulina | Olig | ( 6,554 |6,539 | Ss 15 : 
2,200 44 Frio Olig 6,888 |6,780 | Ss 25-34 15 Nf | Frio 8,889 
2,700 Frio Olig | (7,143 |7,085 | Ss 15 
Gas Discorbis-Het. | Olig | 2,200 |2,170 | Ss Por 10 D_ | Yegua 6,115 
4 hae ae ae 1,525 . a MF | Cook Mt. 3,975 
as akville io | § 3,250 |3,280 s ‘or . 
fms | a [chien [ie (eon Jeane | | ae | || AF | om 
as atahoula ig S or 
24 Frio Olig 28 2,450 | Ss Por 26 tos Yegua 5,640 
2,200 58 Cockfield Koc | (5,398 |5,876 | Ss Por 22 , 
. 24 Frio Olig | 2,669 |2,663 | Ss Por 6 Df | Frio 3,014 
400 43 Cole Eoe 3,972 |3,864 | Ss Por 22 
925 43, Chernosky Eoe 4,552 |4,537 | Ss Por 15 
460 43 Upper Govt. | Hoc | \4,755 |4,730 | Ss Por 20 
ells 
750 | 49.6 |Lower Govt. | Hoc | 4,890 |4,755 | Ss) Por | 25 AF | Yegua a 
é 
ieee, eslee bale) be |e 
90 ckfiel 0c 7 3 S or 
2,700 Gas Mate Bac Olig | 7,310 |7,200 | Ss Por 80° AF | Frio 9,636 
Gas Jackson Koc 1,840 /1,825 | Ss Por 15 ML | Yegua 3,000 
20 Cole-Hock? . | Koc 876 | 780 | Ss Por 28 
ae Govt, Wells— | Hoc | 1,060 |1,030 | Ss} Por | 10 |t ngy | Carrizo 5301 
ettus? 
Gas Loma Novia Eoc | 1,236 |1,230 | Ss Por 6 
22 Upper Govt. | Hoc | 2,517 |2,492 | Ss Por 20 MF | Govt. Wells 2,519 
Wells 
G Disc.-Het. Oli 4,000 |3,893 | Ss Por 6 
nD 30.6 |Frio Oli | 5370 15350 | Ss | Por | 20 |$ MF) Vicksburg 6,500 
Oy Bote leet | tase eto |e b> bor | 10 
ole OC , , 
oe anes Eoc aa Be Ee Eee . 
34 Cockfiel Eoc | 2,6 159 S ‘or 
46 Uppe Saline | Hoc | 3,198 |2,947 | 8s Por 50 DF | Mt. Selman pier 
ayou 
42 Queen City Eoc | 5,056 |4,996 | Ss Por 60 


9Tn Calliham. 


464 OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 
TaBLE 1.—(Continued) 
‘ Oil-produc- 
Sebopeihtheg Total Oil Production, Bbl.t ree Sl a M i a ae 
End of 1938 
During At End | Number of 
1938 of 1938 Wells 
Field, County 
: a | To End of During 2, % 
¥ ei Sra caiaes 1938 | £8 ~| 5 |S 
g $c. 322 eee »| 2 
Z, pe Bom Wee |S bes a ete ee 
o ce ae E 3 3 3 g F: 
a aA rs) Ola] & |) & 
25| Casa Blanca, Duval....| 24 250 50 76,373 76,373 29 29 22 y 5 17 
26] Cedro Hill, Duval... ... 0 10 0 y y 1 1} 0 distin} 0 1 
27| Chapman, Nueces...... 134 50 0 41,410 13,098 2 0} 0 rh) 6 1 0 
28] Charamousca, Duval3...| 314 210 0 189,493 96,268 21 4, 0 19 0 0 19 
29| Charco Redondo, Zapata) 25 570 60 183,700 2,748 165 0} 0 47| 0 0 47 
30} Clara Driscoll, Nueces | 3 500} 200 972,399 504,563 49 24) 0 41 | 3 16} 25 
31| South Clara Driscoll, 
OOOR Ss ant ays 134 300 20 162,105 144,891 14 12) 0 12; 0 10 2 
32] Clopton-Green, Starr. ..| 124 0 10 Gas 1 0} 1 0; 0 
Cole Group, Duval-Webb 
33 7 Be ert ee ey ae 144% 65) 7,035 615,824 Gas 110y 0 0 | 38y 
34 ©'Hernviaoie. ee 12 2,300} 2,200 6,632,764 | 2,738,383 268y 6 229 2y 85| 144 
35 Westar 1134] 420} 1,000) 3,475,143 165,173 | 114y 0 56 y 0} «56 
36 Middlescccsecoc st 3 20; 160 18,150 7,300 2 0) 0 a lhe ga | 0 1 
37 Brunity sae aes 44 880 80 2,482,428 341,006 62y 6 41 y 18 23 
38| Colmena, Duval........| 4 240 400 247,808 105,732 36 2} 0 25 9 3 22 
39] Colorado, Jim Hogg... .| 244 50 0 77,414 58,079 4 3} 0 4 0 1 3 
40| Comitas, Zapata....... 414 725 40 1,048,304 209,971 176 12} 10y| 153 1 0} 153 
41| Conoco Driscoll, Duval. .|14 420) 980) 1,442,523 495,628 51 10) 0 27) 4 20 7 
42| Corpus Christi, Nueces | 3 1,500 0} 6,050,114 | 1,123,999 | 251 y 130 | 5] 115) 15 
43| Crowther, McMullen ..|19 80 0 25,000 0 23 0); 0 0] 0 0 0 
44| Cuellar, Zapata........ 12 340 220 2,529,929 41,975 86 0} 0 24) 3 0 24 
45| Eagle Hill, Duval... .. 54 520 180 778,619 126,368 54 31 44 0 10} 34 
46| Edinburg, Hidalgo..... 4 100 0 500 Oy ly 0} 0 ly| 0 0 0 
47| El Mesquite, Duval..... 314 10 0 976 0 1 0} 0 0; 0 0 0 
48| El Tanque, Starr....... 1% 280 30 163,182 92,213 15 4) 0 12 1 7 5 
49|Escobas, Zapata... .. . 934) 3,330) 340) 7,548,428 690,500 | 442 28| y | 296] 0 0} 296 
50| Ezzell, McMullen, Live 
GR: wovecangs Panic a 144] 1,900 100 706,085 623,010 101 46) 1 94 5 5 89 
51] Fitzsimmons, Duval....| 24] 390 0 199,999 199,999 39 39] 0 38 | 0 38 0 
52| Flour Bluff, Nueces..... 244| 2,580 20} 3,451,820 | 1,735,930 | 113 14| 0 110 | 1) 105 5 
Government Wells, 
Duval’ 
53 Notthivecst staat ve 10144| 4,750 250 462 5 0} 462 
54 Bouth oar nestor 8 | 2,750] 350 { 38,356,888 { 4,296,399 { 825 6) 0 { 266 | 7 6] 260 
55] Guerra (Cuevitas), Starr} 544} 400] 400 799,045 229,969 20 0) 0 13) 1 9 4 
56) Hayden, Starr......... 2 0 20 Gas 1 0} 0 0/ 0 0 0 
57| Henne-Winch-Farris, : 
Sim: Dogg na) steno 1446] 720) 440) 3,209,049 2,759 | 181 0} 0 Li. 0 0 1 
3 Includes 8.R.C. 


4 Includes East Bruni. 
5 Includes Ignacio. 
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w i] bo j 
EER EES | Line Number 


38 


Pressure are 
Lb. per | of Oil, : Deepest Zone Tested 
Sq. Ins | Approx. ac to End of 1938 
verage 
ie a, Depth, Average 
60° F. in Feet 
sc .o Depth 
Thnitial Name . , ae Name of Hole, 
Weighted BE le | > BS] 5 Ft, 
Average as a8 2 S am) § 
sea ieselie| & |&8| € 
| eée leesif| § sel £ 
<a |mQ eS oe eae se 
20 Cole Eoc | 1,190 |1,180 | Ss Por 10 ML | Jackson 2,021 
20 Cole Eoc 1,451 |1,445 | Ss Por 6 ML | Cole 1,451 
| | 550 40.8 Catahoula Olig | 5,058 |5,046 | Ss Por 12 ML | Fri 
625 41.8 Frio [Ole | S84 [e464 | Ss | Por | 20 } si 7,012 
pper Hock. oc 5101 /|1,094 | Ss Por "4 
{ 75 20.5 | Mirando Hoe | 1,550 |1,625 | Ss | Por | 10 j MF Cook Mt. 3,892 
Tio ig 200 | 150 | Ss Por 8 
{ Gas Jackson Hoc 995 | 989 | Ss Por 5 } ML Yegua 3,000 
{ 750 25.8 Catahoula Olig | 3,908 |3,807| S Por 10 pe | Fri 7 
2,150 | Distillate | Frio Olig | 5,433 5,333 | Ss | Por | 15 m9 308 
1,000 23.6 Catahoula Olig | 3,930 |8,917 | Ss Por 1214 
36 Frio Olig | 5,367 |5,340 | Ss Por 16 D Frio 5,689 
42 Frio Olig | 5,460 5,450 | Ss Por 10 
425 Gas Cole Eoc | 1,614 |1,604 | Ss Por 10 z | Cook Mt. 4,620 
Gas Frio Olig 515y| 500 | Ss Por 10y 
{ Gas | Cole Eoc | 1,730 |1,722 | Ss| Por | 8 ha Reklaw 6,394 
Gas Mirando Eoc | 2,450 /2,314 | Ss Por 10 
28.5 Can Sok: Eoc | 2,945 2,750 | Ss Por 15 A jj Queen City 5,057 
e 
21.5 Mirando Eoc | 2,346 |2,835 | Ss Por 11 
{ Gas __| Cockfield Eoc | 2,925 |2:900 | Ss | Por | 10 ha Mt. Selman | 5,225 
aN - pote Nas ae aoe - Se ar A | Yegua 2,952 
egua oc . ,270 S or 
{ 41.7 | Yegua Eoc | 3,450 [3,400 | Ss | Por | 14 ba Reklaw 6,394 
525 22 Cole Eoc 1,553 |1,486 | Ss Por 19 ML | Yegua 3,396 
65 48.6 Cockfield Eoc 3,017 |3,006 | Ss Por 8 ML | Cockfield 3,202 
22.5 McElroy Eoc 1,000 815 | Ss Por 10 ML | Cook Mt. 3,502 
22.5 Cole Eoc 2,470 |2,448 | Ss Por 20 
22.5 Hockleyensis | Eoc 2,900 |2,884 | Ss Por 6 A | Yegua 4,695 
33 Govt. Wells Eoc | (3,448 |3,370 | Ss Por 10 
Hoe 23.3 Catahoula Olig 15167 4076 | S Por 8 \ elite 7.531 
825 36.5 Heterostegina | Olig | (5,167 |5,157 | Ss Por 10 U 
es mal tag | 
as cElroy oc ‘ 5 Ss or 
885 { 22.5 | McElroy Foo {150 1325 | $s | Por | 10 | ML | Mt. Selman | 4,532 
22.5 ole oc 039 |1,45 Ss or 
{ 23 Govt. Wells Eoc 12180 2,120 | Ss Por 20 | ME oat 2,752 
y Frio Olig | 6,770 |6,685 | SH Por 20y D | Frio 7,508 
43 Cockfield Eoc | 2,862 |2,850 | Ss Por 12 ML | Yegua 3,502 
Gas Catahoula Olig 429 | 425 | Ss Por 4 ; 
200 31 Frio Olig 1,775 |1,739 | Ss Por 14 ML | Frio 2,379 
30 Frio Olig | (1,879 |1,866 | Ss Por 6 
20 McElroy Eoc 1,050 |1,020 | Ss Por 6 
21 McElroy Eoe 1,302 |1,137 | Ss Por 14 MF | Cook Mt. 3,500 
21 McElroy | Eoc | (1,600 |1,485 | Ss Por if 
90 19.7 Loma Novia Eoc 1,550 |1,490 | Ss Por 11 ML | Yegua 3,108 
1,200 46 Hockleyensis | Hoc | {3,623 |3,592 | Ss Por 15 
{ 370 | 47.1 | Pettus Eoe {2308 ree | se | ongs | 25 |} ME Begin pace 
1,420 43.4 Marginulina Olig | 6,666 |6,590 | Ss Por 24 D | Frio 7,504 
Gas Cole Koc 1,575 |1,550 | Ss Por 17 
600 22.5 Govt. Wells Eoc |< 2,350 |2,280 | Ss Por 19 MF | Mt. Selman 5,858 
26 Loma ibe 5 Koc ae Beat : Ee a 
400 32 Upper Mirando} Koc | i S ‘or 
35.2 | Lower Mirando| Eoe 13085 (0m | se} Por | 28 \ MF Cee 2000 
550 Gas Frio Olig | 1,318 |1,305 | Ss Por 13 ML | Frio 1,444 
21 Mirando Eoc | 2,100 |1,944 | Ss Por 16 AF | Yegua 3,546 


466 OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 


TaBLE 1.—(Continued) 


ee ee ee ee 


r Oil-produc- 
; , f Oi ti 
Bees Erevet Total Oil Production, Bbl.t aren Aha, /or Methods at 
End of 1938 
During AtEnd | Number of 
1938 of 1938 Wells 
Field, County 
: a | ToEnd of During 2 % 
8 Boo} Ol \| Gas® | i998 1938 | $2 z 6 |5 
E B= BE/E/E) 2 Fl ele 
=] © ty 2s 2 aS Ss Ss =I a= | 
a al a Beg a|3 3 3 - a 
g gz eS/ EB lS/ 2 |2lels 
3 Eos io) Oo |< & |] & | me 
58] Hoffman, Dunal®....... 5%/ 1,500) 350 1,940,069 1,024,130 261 134; 0 225 9 155 70 
59] Houser, Webb..........| | 20 0 y y 1 1) 0 0} 0 0 0 
60] Jacob, McMullen’...... 12 1,230 80 1,220,278 178,432 117 2) 10y 82 0 0 82 
61| Jennings, Zapata....... 2434 400} 1,700 y 334,426 y 0; 0 93 4 3 90 
62| Kelsey, Jim Hogg-Brooks| 44 60 0 7,857 7,857 3 3; 0 3 0 3 0 
63] Killam, Webb. ae is ‘ ..| 134 780 100 491,490 332,245 83 19, 0 68 5 0 68 
64| North Killam, Webb....| 0 20 0 930 930 1 1] 0 1| 0 0 1 
65] Kingsville, Kleburg.....|18 240 675 702,204 16,675 20 0; 0 7, 3 1 6 
66] Kohler, Duval8......... 12% 360) 5,000 626,358 51,964 82 0| 0 14 | 24 2 12 
67| Labbe, Duval.......... 4 200} 500 166,232 94,114 29 2) 0 15 | 8 6 9 
68] La Blanca, Hidalgo..... 2%] 160 0 274,249 183,399 8 1; 0 7 ak 
69| La Reforma, Starr...... 4% 50 0 5,315 5,315 2 2) 0 2); 0 
70| Las Animas, Jim Hogg..| 1 50 80 9,356 9,056 8 4, 1 5 1 5 0 
71| Las Vieja, Willacy...... 214 40 0 3,009 0 1 0} 0 0; 0 0 0 
72) Laurel, Webb.......... 644] 220) 320 677,679 4,075 33 0} 5 6] 2 0 6 
73] Lease holders, Webb... ./1614 10 20 25,000 0 3 0} 0 0| 0 0 0 
74] Loma Alta, McMullen. .| 334 20 0 95,506 30,873 4 2] 0 SF ue 0 3 
75| Loma Novia, Duval....| 4 | 7,410} 270] 16,721,166 | 4,651,470 | 758 0} 0} 718) 5 27! 686 
76] Loma Valdez, Webb. ...| 1 0 10 Gas Gas 1 1| 0 0| 0 
77| Loma Vista, Duval... .. 3 10 0 14,615 3,241 1 0} 0 Th G 0 1 
78| London, Nueces........ 2 80 0 46,797 17,168 4 0} 0 2] 0 1 1 
79| Longhorn, Duval....... 0 20 0 1 1] 0 Lie 1 0 
80| Lopena, Zapata........ 416 0} 1,040 Gas Gas 13 0} 0 0 | 13 
81] Lopez, Webb-Duval.....| 344) 3,450, 240) 6,698,436 | 2,191,798 | 369 0} 0 | 343} 2) 107) 286 
82] Los Olmos, Starr....... 13}6| 175) 175 560,488 37,183 89 0; 3 ist 0}, eae 
83] Los Picachos, Duval....| 34 20 0 576 576 1 1) 0 0; 0 0 0 
84) Luby, Nueces.......... 114] 2,060 0} 1,620,268 | 1,540,664 | 103 84) 0 100} 0} 100 0 
85] Lundell, Duval......... 144) 300 40 168,538 141,302 41 28) 0 85 1 32 3 
86] Martinez, Zapata...... 944 0} 850 Gas Gas 20 0; 0 0 | 20 
87| Mathis, San Patricio- 
LAW OOK ceca nt ee 14 0} 100 Gas 6 0; 0 OF 6 
88} McAllen, Hidalgo...... \% 40 0 y y 2 2; 0 2) 0 
89] Mercedes, Hidalgo..... 334} 100 0 134,352 29,117 7 3} 0 5| 0 
90] Mestinas, Hidalgo...... 314] 80 0 y y 1 0) 0 0} 0 
91] Midway, San Patricio...) 134 300 0 293,033 218,431 13 4| 0 12 0 10 2 
92] Mirando City, Webb....|17 1,430} 500] 8,889,345 154,773 | 295 O} Cyn * 79) 1 0| 79 
93] Mirando Valley, Zapata |1734| 200) 200 713,929 70,842 60 ul Alot k 18 | 2 4; 14 
94) Moca, Webb........... 6 80 20 868,808 182,577 12 0; 0 1150 0,” 7 a2 
95] Munson, McMullen....| % 100 20 9,826 9,826 10 10); 0 5 ii 0 5 


6 Includes South Hoffman. 7 Includes North Jacob. 8 Includes North (Deep) Kohler. 
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Pressure, herietet 
ae ae Approx. Producing Formation Deepest Zone Tested 
q. in.' Average to End of 1938 
ie say Depth, Average 
60° F. in Feet 
Ae -o Depth 
Initial Name 5 - gs Name of Hale, 
Weighted “Spey |) Hey) is Ft. 
Average ag ag,| 2 B 3] § 
2 | 22s ess| #/ 2 |ES| 3 
Pog 3 J +» > p 
gees iad (pee tal 
23 Hockleyensis | Hoc | ( 2,688 |2,550 | Ss Por 20 
475 23 Govt. Wells Eoc 1 2,760 |2,720 | Ss Por 12 ML | Cockfield 3,605 
27.1 Loma Novia Hoe | (2,895 |2,820 | Ss Por 30 
1,100 45 Sorte Hoe | 2,524 |2,492 | Ss Por 23 ML | Pettus 2,524 
ettus 
Gas irando Eoc 790 | 780 | Ss Por 8 
21.5 | Pettus Eoc 975 | 920 | Ss Por Vf ML | Mt. Selman 3,171 
21 Cockfieid Eoe 1,070 |1,050 | Ss Por 8 
22 McElroy Eoc | 1,240 | 905 | Ss Por 20 
23 eae ocks Eoe 1,953 |1,410 | Ss Por 15 A | Reklaw 4,645 
e 
44.7 Frio Olig | 4,748 |4,697 | Ss Por 16 A | Vicksburg 5,274 
225 21.5 Mirando Eoe 2,035 |1,920 | Ss Por 12 ML | Cockfield 2,657 
22 Mirando Eoe 2,051 |2,046 | Ss Por 64%! ML | Jackson 2,112 
{ 21.5 Miocene Mio | 2,900 |1,400 | § Por 20 D |Fri 
22 Oligocene Olig | 3,288 |3,217 | Ss Por 20 } T10 6,922 
21.5 Cole Eoc 1,850 |1,748 | Ss Por 12 
22.5 Govt. Wells Eoc | 2,500 /2,4388 | Ss Por 12 ML | Carrizo 7,723 
320 ae 6 are pe Py core B Por si 
890 as ockleyensis oc 460 |2, s Por 
{ 260 27 Loma Novia | Eoe | 2,000 [2.800 | 8s) Por | 19 \ ML Yegua 4,054 
Trio ig 68 : S or 20 . 
bb {Frio Olig | 7,875 |7,840 | Ss | Por | 20 } D_| Vicksburg 8,893 
2,125 51.6 Frio Olig | 5,969 |5,917 | Ss Por 52 AF | Vicksburg 7,010 
200 18.7 Cole Eoc 1,828 {1,782 | Ss Por 22 A | Yegua 3,808 
2,056 48 Frio Olig | 7,646 |7,630 Por 16 Ds _ | Frio 10,286 
Gas Frio Olig 366 | 360 | Ss Por 6 
Gas Mirando Eoc |< 1,777 |1,770 | Ss Por 6 {me Mt. Selman 3,165 
49 Cockfield Eoc | (2,275 |2,244 | Ss Por 7 
22 McElroy Eoc | 1,055 |1,049 | Ss Por 6 ML | Yegua 3,034 
235 21 Chernosky- Eoc | 2,232 |2,195 | Ss Por 12 MF | Cockfield 2,766 
2 [eon'Novia, {Boe | 2,705 |2,560 S| P 25 
6 oma Novia oc 1 ) S ‘or 
{ 200 22.5 | Mirando Eoc | 2,900 |2,846 | 8s | Por | 15 \ ML Se FS 4,200 
450 Gas Cole Eoe 1,812 {1,790 | Ss Por 19 NL | Whitsett 1,850 
26 Loma Novia Eoc | 2,922 |2,914 | Ss Por 744| ML | Cook Mt. 4,732 
750 25.3 Catahoula Olig | 4,730 |4,698 | Ss Por 8 \ Ne | Frio 7.494 
{ 1,625 51 Catahoula Olig | 4,906 |4,752 | Ss Por 10 , 
780 44.9 Govt. Wells Eoc | 4,899 |4,893 | Ss Por 6 AF | Govt. Wells 4,899 
925 Gas Queen City Koc 2,170 |2,147 | Ss Por 23 A | Carrizo 3,502 
760 22 Mirando Koc 2,144 |2,126 | Ss Por 18 ML | Yegua 3,437 
120 18.5 Frio Olig 694 371 | Ss Por 17 MF | McElroy 2,612 
24 Govt. Wells Hoe 2,196 |2,166 | Ss 22-26 15 MF | Govt. Wells 2,196 
Catahoula Olig | 4,354 /4,308 | Ss Por 15 ; 
1,710 49 Heterostegina | Olig | 5,070 |5,030 | Ss Por 20 NF | Frio 7,595 
Heterostegina | Olig | 5,175 |5,171 | Ss Por 4 
640 21 Cole _|Eoc | 1,530 {1,513 | Ss Por 10 | MF | Jackson 2,698 
620 Gas Hockleyensis | Eoc 1,927 /|1,921 | Ss Por 6 ML | Yegua 3,514 
935 Gas Miocene Mio | 2,414 |2,375 | Ss Por 10 | MF | McElroy 5,526 
2,025 Gas Frio Olig | 5,994 |5,970 | S Por 24 A 
{ 1,750 Gas Frio-Vicksburg | Olig | 7,498 |6,92010 8 Por 25 \ D_ | Vicksburg 7,507 
2,500 49.2 Frio Olig | 7,524 |7,480 |SH| Por 16 ; 
2,750 Distillate | Frio-Vicksburg | Olig | 9,000 |7,92019) SH Por 15 D_ | Vicksburg 9,618 
nd gas ‘ 
1,840 : Gas Frio Olig | 6,748 |6,658 | Ss Por 90 D | Frio 8,110 
1,985 29 Frio Olig bee oor os Se D | Frio 7,003 
21.5 Hockleyensis | Hoc 640 /1, S or 
{ 45 Cockfield Hoc tia ete . a y ML | Reklaw 5,000 
21 Hockleyensis | Hoc ile k S or ‘ 
{ 35 | 3 Cockfield Hoo | 181 |teva | 6s) Por | 8 [yom | Cock Mt 3,660 
21 McElroy Koc 910 | 900 | Ss Por 10 MF | Yegua 2,178 
VES Mirando Eoc 1,213 |1,201 | Ss Por 12 ML Pettus 1,501 


10 Found productive on tests—not producing. 
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TaBLE 1.—(Continued) 
—-e ea 


Area Proved, ., . Number of Oil and/or tion 
“i cres ” | Total Oil Production, Bbl.1 Gas Wells Methods at 
End of 1938 


During At End | Number of 
1938 of 1938 Wells 


Field, County 


: a | To End of During 2 & 

ts Be| Oil | Gase | “1938 1938 | 22 6 \s 

a) Do i hn 3 oo wo 

g or! 3 aera ae te P| a a fe to 
Ee} S43 os | 2 S 3 ‘S a & 
Z lengeas (Cis ral fest EI 3 2 a 
E gg sa1 8121 fe (ee is 
id < 5) © | sde| oat es 

96| Oilton, Webb.......... 114] 1,420 80 807,480 695,931 140 65) 3 132 3 0| 132 
97| Palangana, Dutal...... 1014 50 0 9,846 0 5 0; 0 0; 0 0 0 
98! Pena, Duval..........: 6 0 40 Gas 1 0| 0 0; 0 0 0 
99| Peters, Duval.......... 6 120} 1,400 132,953 42,079 19 2; 0 6 2 6 0 
100] Peyote, Jim Hogg...... 64 0 20 Gas 1 0; 0 0; 0 
101| Piedre Lumbre, Duval. .| 314 640 200 861,261 353,978 81 15| 1 72 5 25 47 
102} Pietras Pintas, Duval... |3344 120 0 150,927 305 25 0) 0 1 0 : : 
103} Plymouth, San Patricio.) 334} 3,320 0| 18,581,259 | 4,477,864 166 19| 0 164 | 0 164 0 
104| East Plymouth, San 

Patio Snctacce trie 2% 0 20 Gas Gas 1 1; 0 0 1 
105] Premont, Jim Wells....| 534 500 80 475,407 178,920 41 6} 1 29 4 5 24 
106] East Premont, Jim Wells| 1 200 0 59,778 58,778 5 4; 0 3 0 3 0 
107] Rancho Sold, Duval....| 3 200 120 41,206 24,462 20 9 0 9 1 5 4 
108] Randado, Jim Hogg... .|1234 765} 435) 4,558,018 92,239 191 0 Ty 90} 0 0; 90 
109] Reiser, Webb........... 30 20! 1,270 4,000 0 18 00 0 0 0 0 
110] Rhode, McMullen...... 236 0} 650 Gas Gas 9 3} 0 0; 8 
111] Ricaby, Starr.......... 2 40 0 7,854 2,555 4 2) 0 4 0 0 4 
112 Richard King, Nueces...| 1 200 50 134,123 129,386 12 10} 0 8 2 8 0 
113} Rincon, Starr.......... 1 50 0 11,624 11,624 1 1} 0 0; 0 
114] Rio Grande City, Starr | 634) 150 0 347,940 27,958 30 0| 2 15] 0 0} 615 
115] Riverside, Nueces...... 0 0 40 Gas Gas 2 2) 115 0 hd 
116] Roma, Starr........... 11% 20} 280 18,144 1,951 5 0} 0 pA 0 1 
117] Sacatosa, Starr......... Y% 0 10 Gas Gas 1 1} 0 0 i 2 
118} Sam Fordyce,!? Starr- 

FTAGal go: dice sees ees 414| 1,600} 900} 6,550,123 | 1,315,831 | 239 40| y 154 | 12 69} 85 
119| Sandia, Jim Wells....... 9 50| 50| 20,737 605} C) of 01 a) Bless 
120} San Diego, Jim Wells...) 3 , 0) 120 Gas 2 0) 0 O12 
121] San Jose, McMullen....| 1% 10 10 450 450 2 2) 0 0 1 
122] San Salvador, Hidalgo..| 34 20 0 y y 1 1| 0 0| 0 
123] Santo Domingo, Starr. .| 3 0 50 Gas Gas 2 1| 0 0.) «2 
124] Sarnosa, Dural........ 634) 690} 180) 2,060,623 225,859 57 1] 0 $1.) 0 0} 51 

Saxet, Nueces ; 
125 Shallow........... 16 3,650} 3,350 866 | 28 | 215) 151 
: 31,864,718 | 10,740,102 | 722 72| y 
126 Deep csvset scat 314| 2,350 | ; 216 | 8} 180) 36 


12 Tncludes North Sam Fordyce. 15 Crater (discovery). 
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a as ee esa ete) WY ER od I a ne 
Pressure, Cee és at 
' , : : eepe: 
Sq. Ins | Approx. Producing Fo. mation 0 End of 1938 
rain Depth, Average 
60° FE. in Feet 
on -o Depth 
K Initial Name Bey Name of Hole, 
E Weighted Se we |, ES] Ft. 
2 Average as_ias | = | § 
3 | £83 lesa! & g |BE| 3 
2 | ste lots| A} 8 (Bel 
<i a} a a 6) (Sa pears | 8s) 
300 22 Mirando Eoc | 2,000 |1,885 | Ss Por | 12 i 
9611 $50 3 | Sotkfiela Eoc | 2473 [2407 | 8 | Por | 15 } ML | Yegua 3,000 
atahoula ig 55 | 450 | L Cav 5 
$7/{-200 | 45 | Jackson Hoe | 2,744 (2,730 | S| Por | 14 |fDS|Mt.Selman | 5,454 
98 700 Gas Frio Olig 932 |1,915 | Ss Por 17 MF | Caddell 3,620 
Gas Cole Eoe 1,760 |1,750 | Ss Por 5 
99 750 Gas Govt. Wells Eoc | 2,451 |2,431 | Ss Por 20 ML | Yegua 3,309 
23 Mirando Eoc | 2,635 |2,610 | Ss Por 15 
100 Gas Govt. Wells Eoc | 2,262 |2,246 | Ss Por 16 ML | Yegua 3,210 
500 Gas Cole Eoe 1,350 |1,324 | Ss Por 7 
101 20.5 Govt. Wells Eoc | 1,975 |1,962 | Ss Por 12 ML | Yegua 3,250 
400 22.5 Loma Novia Koc 2,139 {2,133 | Ss Por 10 
13 Catahoula Olig 580 | 180 | Ss Por 20 
102 500 47 JasesceCock Eoc 3,623 |3,462 | Ss Por 26 ts Mt. Selman 4,502 
e 
fare 33 : ted oe ee 5,501 Bs Por Ty 
0 . Tio ig b 5,659 s Por 4y Z 
0) 38 Frio Olig | 5,911 |5,907 | Ss | Por | 4y hac Frio 7,258 
40 Frio : Olig | 6,159 |6,1561!) Ss Por 3y 
104 1960 24.5 Heterostegina | Olig | 4,836 |4,808 | Ss 28-34 | 20 AF | Frio 6,750 
800 22.8 Catahoula Olig | 2,350 |2,250 | Ss Por 10 
105 { 900 24 Frio Olig | 3,265 |3,165 | Ss| Por | 11 \b McElroy 7,135 
Hes a ie ae pee 5,36513 Sy Aes by 
975 TiO ig ; 5,62613) Ss ‘or ] ° 
a i Frio Olig | 6,138 [53074] Ss | Por | 5y|¢D | Vicksburg 8,162 
HO ec gh ore pal Pelee Ie 
, ‘ole oc ‘ A Ss or 
107 { 800 Gas |Govt. Wells |Eoc | 2569 /2555 | §s| Por | 14 \ au Yegua 3,777 
108 20.5 Cole Koc 1,275 |1,225 | Ss Por 9 MF | Mt. Selman 5,222 
109 16 ren a ae Eoc 1,010 | 390 | Ss Por 15 ML | Mt. Selman 3,247 
e 
110 650 Gas oo rip toa nee - Ke 4 MF | Yegua 3,534 
175 23 Tio ig ’ ‘ S ‘or : 
at { 235 30 Frio Olig| 1611 |1,604 | Ss | Por | 7 |s ML | Frio 2,011 
112 22 Frio Olig | 4,015 |4,000 | SH Por 15 NF | Hockleyensis 7,567 
113} 1,700 59 Vicksburg Olig | 4,259 |4,172 | Ss 26-39 | 40 A | Jackson 6,862 
114 27.3 Frio Olig 1,450 /1,350 | Ss Por 8 MF | Jackson 3,258 
115} 1,450 | Gas and | Frio Olig | 4,898 4'88813 Ss Por 10y | A_ | Frio 7,015 
distillate j 
116 : Frio-Jackson | Olig- 200 | 192 | Ss.| Por 8 
. Eoc A | Reklaw 4,827 
35 Queen City Eoc | 3,590 |3,560 | Ss Por 6 
117 400 Gas Govt. Wells Eoc 1,661 |1,650 | Ss Por 11 N_ | McElroy 1,794 
400 21 Frio Olig | 2,753 |2,737 | Ss Por 16 
1,050 24 Frio Olig | 2,853 |2,831 | Ss Por 22 
118] < 1,250 24.5 Frio Olig | 3,125 |2,925 | Ss Por 20 A | Yegua 9,708 
1,150 Gas Frio Olig |} 3,196 |8,183 | Ss Por 13 
2,800 Gas Jackson Olig | 5,900 |5,840 | Ss Por 20 
1,050 Gas Catahoula Olig | 2,917 |2,910 | Ss Por 7 ; 
119] < 1,227 41.5 Frio Olig | 4,023 |4,002 | Ss Por 13 Hockleyensis | 5,701 
1,750 52 Cole Foc | 5,163 |5,151 | Ss Por 9 
120) 1,200 Gas Frio Olig | 2,976 |2,952 | Ss Por 10 A | Yegua 6,480 
121 245 23 Cole Koc | 1,168 |1,147 | Ss Por 16 ML | Jackson 2,012; 
122} 3,200 Gas we Olig | 7,645 |7,630 | Ss Por 15 A | Frio 8,002 
123} 1,050 Gas Olig | 2,616 |2,461 | Ss Por 25 A | Jackson 4,003 
124 22 Gn, Wells Eoc | 2,412 |2,350 | Ss Por 40 | MF | Yegua 4,073 
1,325 24 sie aro Mio | 3,150 |1,000 | Ss Por 10y 
e 
125 24 Catahoula Olig | 4,500 /3,900 Ss Por 18y 3 
eae Olig | 4,880 |4,700 | Ss Por 18y |\ pr Vicksburg y —|10,04217 
2,000 Frio Olig | 6,900 |5,500 | Ss Por 18y 
126} < 2,300 48 | Frio Olig | 7,390 |7,250 | Ss Por |140y 
400 Vicksburg (y) Olig | 9,927 y | Ss Por y 
11 Perforations. 13 Perforations. 14 Found productive on tests—not producing. 1 Drilling, 
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perforations at 2800 to 2807 ft. This and other wells materially extended 
the Hoffman field during the year in a south and southwest direction, 
connected it with the South Hoffman area, and indicated that its several 
sands, from the top of the Hockleyensis into the Loma Novia sand, will 
cover a large area. The field has been the center of an extensive develop- 
ment program of both inside and outpost wells. 

Benavides Field.—In February, the 3800-ft. Cole sand was proven 
productive of oil by Republic Natural Gas Company’s No. A-2 Buoy, in 
the southern part of the field, flowing 600 bbl. of oil per day from sand 


TaBLE 1.—(Continued) 


er, Oil-produc- 
Area Proved, . . Number of Oil and/or tion 
peg ye be Total Oil Production, Bbl.t Gas Wells Methods at 
End of 1938 
During At End | Number of 
1938 of 1938 Wells 
Field, County 
i a | To End of During 2 % 
5 Boots Oh GAH staan 1938 | 32 als 
Q no 35 3/3 bo bo 
g aa $= |S (8 | Su 2 econ ee 
5 s ba 7 2 EI = r= a 
g 4 Bai 8i2\ 2 |B, 218 
a 2A oF |S || & || eB] a 
127] Seven Sisters, Dutal....| 334} 4,420) 120) 8,467,090 | 2,739,397 | 444 4, 0 412 | 2] 125) 287 
128] South Seven Sisters, 
Datahs. ser ce ace 134 330 0 219,878 211,740 33 30, 0 33 0 5 28 
129] Sinton, San Patricio. . 434) 225 100 77,498 4,657 7 0} 0 1 0 1 0 
130] Stratton, Nueces....... 7 250 50 151,975 129,990 9 4; 0 7 1 6 0 
131) Sullivan (South Agua 
Dulce), Nueces....... 2%4| 120) 680 77,378 43,836 3 1) 0 3 | 0 3 0 
182|\Gan; Starr... cio scan ets Y 100 0 11,695 11,695 4 4, 0 4 0 4 
133] Sweden, Duval......... 2 150} 100 146,028 93,240 12 3} 1 yinieee” 2 5 
134] Taft, San Patricio...... 3 720 10| 2,367,618 780,761 73 4) 0 10 ook 66 4 
135| Tesoro, Duval.......... oe) 60 0 27,306 27,306 4 4 0 4/0 4 0 
136] Thomas Lockhart, Duval} 134| 100 0 16,991 5,001 4 0} 0 3] 0 1 2 
137| Turkey Creek, Nueces. .| 1 750 20 845,857 845,857 53 53) 0 52] 1 45 7 
138} Villa, Zapata.......... 6% 0} = 120 Gas 3 0} 0 Ot-0 
139] Wentz, McMullen...... 7 0 80 Gas 3 0) 0 Oi" 9d 
140| Weslaco, Hidalgo....... 1 20 0 1,988 1,988 1 1) 0 0; 0 
141| White len San 
AIDED auicatelnnis feces 8 60} 3,865 116,454 20,231 46 1; 0 1} 39 0 1 
142 ro White Point, San ; 
GEICO. kos sik etarenipak 600 0 368,463 368,463 30 30) 0 30 | 0 
143] Woods, Starr.......... 2%) ~~ 0] = 120 Gas 4, © 70) 0 0} 0 a ; 
144| Wray, Zapata.......... 54 0 80 Gas 3 0} 0 0; 0 
145) Young (Charco Blanco), 
ISENT Th ators ace eerie ¥% 0 20 Gas Gas 1 1| 0 0/0 
146 Total, daerlees never 83,960) 58,985} 217,887,983 | 56,152,122 | 9,426y| 1,274] 65y| 6,675y\432y| 2,310] 4,341 
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at 3870 to 3880 ft., a level which heretofore had produced only gas. An 
extension }4 mile east was provided through the completion of Hiawatha 
Oil Company’s No. 9 Parr, which flowed 115 bbl. of oil daily from perfora- 
tions at 5510 to 5515 ft. in Pettus sand at 5505 to 5518 ft. Production 
was obtained through 1-in. choke under pressures of 550 Ib. on tubing 
and 850 lb. on casing. These and other extensions, in addition to the 
large area already proved, provided ample space for an extensive drilling 
campaign in this field. Of the several producing sands, the 5300-ft. 
Pettus zone provided the greatest number of completions during 1938. 
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Character 
Pressure, + 
"|| of Oil, ‘ F Deepest Zone Tested 
oh ee Appr Ga Producing Formation to End of 1938 
erage 
Gravity De 
pth, Average 
a in Feet 
.o Depth 
+ | Initial Name ae, Name of Hole, 
rat w & 2 g a Ft. 
Fe Weighted Se te |e » iash = 
Average 43. |@3./ 8 ae 8 
3 , | seg eseie| @ /28) 3 
5 2/ah= etS/8/ § |3<| 8 
225 21 Cole Eoc 1,720 |1,710 | Ss Por 10 
20.5 Chernosky Eoc 2,225 |2,112 | Ss Por 20 
127 625 23 Gov. Wells Koc 2,485. |2,470 | Ss Por 5 MF | Yegua 4,404 
200 27 Loma Novia Eoe 2,690 |2,66016} Ss Por 15 
460 23 Mirando Eoc | 2,565 |2,54016) Ss Por 10 
22 Frio Olig | 1,566 |1,559 | Ss Por 7 
es 37 | {Loma Novia | Boe | 2.056 |2'e46 | S| Por | 10 |} MF | Pettus eH 
129} 2,200 47 Frio Olig | 5,905 |5,425 | Ss Por 10 D | Frio | 7,438 
1,850 pe Obie 4,801 pS Bs ne i 
2,110 58 rio ig | 6,002 |5, iS or . 
130/4 1’900 Frio Olig | 6300 |6,273 | Ss| Por | 27 ( ut 6,904 
Frio Olig | 6,485 |6,481 | Ss Por 4 
2,000 43 Frio Olig | 5,780 |5,756 | Ss Por 15 : 
131] {3300 Gas__| Frio Ole | ess fesio | S| Por | io |} DF | Frio 6,912 
730 41.8 Frio Olig | 4,858 |4,842 | Ss Por 16 f 
132 450 44 Frio Olig | 4,911 |4,901 | Ss Por 10 A Vicksburg 15,709 
2,000 47.9 Vicksburg Olig | 5,135 |5,115 | 8s Por 20 | 
120 43- Chernosky Eoc 4,915 |4,895 | Ss Por 20 , 
46 ee Govt. Eoc | 5,091 |5,072 | Ss Por 19 
é . 
133/< 300 Gas [Lower Govt. [Hoo | 5,116 [6,100 | 8) Por | 16 We os Gost 
e 
pacers tie Gear) tea | 
600 24 atahoula 1g , , S ‘or - 
134 { 375 24.5 | Heterostegina | Olig | 4,938 |4:872 |SH| Por | 20 \ DF Frio bv26 
135 670 45 Pettus | Eoc 5,186 |5,108 | Ss Por 20. | NF | Yegua 5,541 
136} 1,450 56.8 Pettus Eoe 4,672 |4,659 | Ss Por 13 MF | Yegua 5,502 
550 25 Catahoula Olig | 4,080 |3,846 | Ss Por 14 . 
137} < 1,400 35.2 Frio Olig | 5,841 |5,641 | Ss 28 19 DF | Frio 7,511 
. 780 28 Frio Olig | 6,456 |6,480 | Ss Por 26 
138 375 Gas McElroy Eoc | 1,664 /|1,657 | Ss Por 7 | ML | Cook Mt. en 
139 200 Gas Cole Eoe 882. -|. 870 | Ss Por 12 N_ | Yegua 1,65 
140} 2,950 51 Frio Olig | 9,005 |8,634 | Ss 23-27 15 A Vicksburg 9,182 
765 Gas Lagarto-Oak- | Mio | 2,800 /1,900 | Ss Por 10 ay, 
1a} elon ase aen | ee. Tin 1S ps 
2, 31 eterostegina ig : , S 0 ; 
142 980 38.5 Frio Olig | 5,665 |5,630 | Ss | 24-33 | 30 AF | Frio 5,716 
460 G: Frio Olig 975 | 963 | Ss Por 12 A | Jackson 3,360 
ua io) om Jackson Eoc 370 | 348 | Ss Por 22 ML | Mt. Selman 2.000 
145 960 Gas Jackson Eoc | 2,730 |2,708 | Ss Por 15 MF | Jackson i 
146 


16 Due to elevation. 
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TaBLE 2.—Summary of Drilling Operations in South Texas in 1938 


Important Wildcats Drilled in 1938 


Total Surface Deepest 
County Well Name and Location Depth, Formation Horizon 
Ft. Tested 
Larepo District 
1] Duval etic cater see: = Hagist No. 5 B. 8. & F. Survey 2,196 | Catahoula Jackson 
2 Duvallfsciee etiahaieteiee Fitzsimmons No. 1 Sec. 291 4,303 | Goliad Pettus 
3°) Davalitin seupets octeciees ac DCRC No. 1 Sec. 291 1,190 | Catahoula Cole 
A Duval tac neva tanemenicieis Cuellar Bros. No. 1 Sec. 96 5,520 | Goliad Yegua 
Bil Dirval’, ooeeeenonrmaeerss DCRC No. 2 Sec. 189 1,451 | Goliad Cole 
Gi Duval se mete tac patos ore Miller No. 1 144 miles SW. Sweden field 4,899 | Goliad Govt. Wells 
CES D Th NER rae ye on tee ere Foster No. 1 Sec. 206 1,539 | Catahoula Whitsett 
Shi Duval cee eee dere one Worden & Drought No. 20 Sec. 151 1,101 | Catahoula Hockleyensis 
Os. Duval a scant smececen. Martin No. 1 Sec. 230 1,207 | Catahoula Cole 
JOn| Duval’ s cet coacde sree cteeit aire Fitzsimmons No. 2A. 3,610 | Goliad Chernosky 
TL) Divalsethn acu ae tenes Miller No. 5 Sec. 23 5,984 | Goliad Cockfield 
12 Duval ep esitslnatiarsosiaiees W. R. Peters No. 1 Sec. 29 3,200 | Goliad Jackson 
13" Duval Mics acaacuccnwe ten Clara Driscoll No. 1 Sec. 292 4,334 | Goliad Pettus 
DAT vale iiatcre iets seloesaie scents Southland No. 6 Sec. 12 5,513 | Goliad Cockfield 
167) Diivale i. a. cwaues snot sees Merle West No. 2 4,532 | Goliad Jackson _ 
16.4) Duvallyecucn meen ees ves L. C. Lape No. 1 Sec. 497 2,807 | Goliad Loma Novia 
£7ai Jin FORE..% 2 cccenacane aes A. Kelsey No. 2 San Rafael Grant 4,754 | Sand Dunes | Basal Frio 
18; Jind Hogerse doce cxwoacce A. K. Bass No. 5,274 | Sand Dunes | Vicksburg 
19 Jim: Log@ sen cies owtameet J. P. DeGarza No. 1 El Bar Oil Co. Subd. 5,005 | Sand Dunes _ | Frio-Vicksburg 
20!) Jim HORE. st6 ara vie ois siete « sis F. G. Martinez No. 1 Sec. 623 3,015 | Catahoula Cockfield 
21 | McMullen................. Kountz No. 2 Sec. 123 2,012 | Catahoula Jackson 
22:| MeMullen......0.000 cc e00e. Nueces L. & L. Co. No. 1 Ses. 119 1,213 | Frio Mirando 
23.|| MoMullons J: aces + ace one H. C. Edrington No. 1 Survey 57 2,519 | Lagarto Govt. Wells 
24 | MceMullen..o coco ce sce sles M. Gordon No. 3 Sec. 127 2,232 | Catahoula Jackson 
25 | McMullen................- H. Ezzell No. E-1 Sec. 24 1,543 | Catahoula Loma Novia 
26" Mic Mullonsci.5o, cee seis sistas H. Ezzell No. F-1 Sec. 29 1,527 | Catahoula Loma Novia 
27-| MoMullensiiireneedernsous Fee No. 22 Sec. 35 1,534 | Catahoula Loma Novia 
28 | McMullen........0050..... H. Ezzell No. 40 1,534 | Catahoula Loma Novia 
29 | McMullen.\......2 02.0005 H. C, Edrington No. 1, No. 1,823 1,823 | Catahoula Cole 
OO} Sear cane tana eae ete Slick School No. 1 Sec. 266 6,862 | Goliad Jackson 
ST Starr eh casneecho sores Young No. 1 Porcian No. 79 3,008 | Goliad Jackson 
DAA OUATES ssirantaveres alecoetnnele F. B. Guerra No. 1-A Share No. 20 7,010 | Goliad Vicksburg 
882] Starrs yo. Soares comeaes Mrs. A. McKinney No. 1 Survey 242 4,858 | Goliad Basal Frio 
Bf | Starrs i tuess te cute ree tthe Zaragosa and Salinas No. 2 Sacatosa Grant 1,705 | Frio Govt. Wells 
B01) UAT A: sty vis amatmew tested Oe Garza No. 1 Sec. 956 2,669 | Goliad Frio 
CLAM Wisp Con Pncksenacmor amen Laer A. Flores No. 3 3,364 | Goliad Frio 
Bl HiIPEOET (cds lavtidig Seer ears Fee Guerra No. 1 5,942 | Goliad Frio 
BB ii Start y. Stasis cele easter Sheldon No. 1 Porcian No. 41 3,015 | Goliad Frio 
BO PLANED. ection ous §. Olivarez No. 1 5,150 | Goliad Vicksburg 
40%| (Start ton, wate na ccree ae Olivarez No, 1 5,709 | Goliad Vicksburg 
41 Sl Webbvcsceseciccwe Setad ine Bruni No. 3 Sec. 449 1,850 | Goliad Jackson 
BB WEDD. i seenvsanvahion iehion Garcia and Villareal No. 1 Sec. 720 2,524 | Frio Cockfield 
ABA Webbiat, aestehoktae tees Guerra No. 1 Survey 334 2,112 | Frio Mirando 
MEN WEDD tink accictuecedoan Laurel Bros. No. 1 Sec. 333 2,020 | Frio Mirando 
4B PW ADD Saha eave siowtlas. cetrante 8. Benavides No. 1 Block 18 3,445 | Goliad egua 
46: | WORD: -chtaty autem faeces E. M. Thompson No. 5 Sec. 1,005 2,482 | Frio Rosenburg 
475) Zapata. cies cence anions R. Lopez No. 1 Sec. 253 1,881 | Frio Cockfield 
Sours Corpus Curistt 
ISTRICT 
QB) Broker e a6 Slee, vec teers McGill No. 1 (Kelsey Area) 4,728 | Sand Dunes | Frio 
ep S IG TAO Ang odecmennoac Argli No. 1 Sec. 175 9,005 | Beaumont Frio 
SOY Hidalgo: scars utcaiesienees > Cardenas No. 1 8,003 | Beaumont Frio 
BIN idalgoss arnt aenwernare W. W. Woody No. 1 Porcian No. 69 7,214 | Beaumont Vicksburg 
62; Hidalgo. set stuxvaa caevwn E. M. Card No. 1 7,507 | Beaumont Vicksburg | 
BS dhl gOr ae. hanks oe cnenices Flores No. 1 (Sam Fordyce) 9,708 | Goliad Yegua (y) 
DAME daleope., nv diah wmartetes Argli No. 11 (Mercedes) 9,618 | Alluvium Vicksburg 
GBs) Dima. Wells ign. the ots ancnace ee Robt. Adams No. 1 Sec. 19 5,509 | Lissie Jackson 
OG mW elleiy AG cuter eae Mortgage Investment No. 1 La Vaca Grant 3-496 | Lissie Frio 
B78 | Tite W Sls Heewcs sen dite es. 0 Lindsay & Reed No. 1 La Vaca Grant 5,430 | Lissie Vicksburg 
68s) Tima Wella; eo. vies cbs tcenate P. G. de Valadez La Anima Solo Grant 6,419 | Lissie Jackson 
GON) Sint Wealls ttc. uct cisco H. J. Mosser No. 1 Collins Subd. 7,335 | Lissie Cockfield 
GOnivimr Wella, tintaen eee cs om Stillwell No. 1 Block 17 5,452 — Lissie Vicksburg 
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Tnitial Production Pressure, Lb. 
per Day Choke per Sq. In. 
; or Bean, 
Drilled by Oil, Ga Rasy? Remarks 
U.S. | Millions} #088) Casing | Tubin 
Bbl. | Cu, Ft, |" Inch ; J 
1| V. G. Schimmel 28 Pumping Opened Los Pichacos field 
2| H. J. Porter 108 %4 | 1,020 370 | Opened Fitzsimmons field 
3 | Magnolia Petr. Co. 74 Pumping Opened Casa Blanca field 
4 | Arkansas Fuel Co. 95 38 670 150 | Opened Tesoro field 
5 | Magnolia Petr. Co. 50 Pumping Opened Cedro Hill field 
6 | Longhorn Drilling Co. 203 542 | 1,000 780 | Opened Longhorn field 
7|V. G. Schimmel 107 Pumping 46 mile ext. Hagle-Hill 
8 | N. V. Duncan 65 Pumping New sand, Charamousca 
9 | Creighton & Moore 137 Pumping 34 mile North ext. Casa Blanca 
10 | H. J. Porter, 55 Y 1,325 1,200 | New Sand, Fitzsimmons 
11 | Hiawatha Oil Co. 50 Y% 120 New Sand and West ext. Sweden 
12 | Stewart & Nye 105 Pumping East ext. Rancho Solo 
13 | H. J. Porter. 190 % 650 250 | NE. Ext. Fitzsimmons 
14 | Hiawatha Oil Co. 350 a3 800 525 | New 5,500-ft. sand Benavides 
15 Circle Oil Co. 500 %4 1,525 925 | 4,500-ft. sand Benavides 
16 | W. A. Wagner 200 1 Mile South ext. Hoffman 
17 | Humble Ref. Co. 164 lg 1,420 1,170 | Opened Kelsey field 
18 | Humble Ref. Co. 135 Xo North Ext. Kelsey 
19 | Navarro Oil Co. yee between Kelsey and Sun 
elds 
20 | K. D. Harrison 60 Open 145 20 | Ext. Colorado 
tubing 
21) V. G. Schimmel 5 3 Y 295 245 | Opened San Jose field 
22 | Bruce Albright 80 g Opened Munson field 
23 | Wm. H. Spice 50 6-56 | 280 140 | Opened Campana field 
24 | W. A. Wagner 50 Pumping New Sand and ext. Loma Alta 
25 | Edwin M. Jones 150 Pumping SW. ext. Ezzell 
26 | Edwin M. Jones 525 Pump and flow SW. ext. Ezzell 
27 | Harry Ezzell 892 Open 385 75 | SW. ext. Ezzell 
tubing 
28 | Edwin M. Jones 150 Pumping SW. ext. Ezzell 
29 | Loma Oil Co. 23 0 (rock South ext. Rhode 
pressure) 
30 | Transwestern di 5 A 1,125 1,425 | Opened Rincon field 
31 | Sun Oil Co. 3 346 1,000 960 | Opened Young field 
32 | Wheelock & Collins 60 246 Ho 2,300 2,125 | Opened La Reforma field 
33 | Sun Oil Co. 180 540 990 730 | Opened Sun field 
34 | Harvey & Henderson 5 Y 400 650 | Opened Sacatosa field 
35 | Lee Davis 375 a 410 160 | Opened North Barbacoas 
36 | H. J. Porter 15 1,150 New sand, Sam Fordyce 
37 | Magnolia Petr. Co. 75 9 2 2,100 1,750 | SW. ext. La Reforma 
38 | H. C. Dean 240 4 700 200 | Between Sam Fordyce and North 
: Sam Fordyce 
39 | Circle Oil Co. 150 ¥y 1,325 2,000 | New 5,100-ft. Sand, Sun field 
40 | Sun Oil Co. 132 562 1,250 450 | New 4,900-ft. Frio Sand, Sun field 
41 | Howard Nessley 7 34 450 400 | Opened Loma Valdez field 
42 | W. F. Houser (several) | 15 A 1,100 800 | Opened Houser field 
43 | Dovre, Brown & Taylor Ref. Co. 142 ping Opened North Killam field 
44 | M. E. Morton 20 5 Y% 450 450 | NW. ext. Killam 
45! D. P. Kenyon 200 Ko 900 900 | New sand, Bruni : 
46 | O. W. Killam & Campbell (several) First Rosenburg sand test, main 
Oilton field : 
47 | Bert Calvin 150 35 |New sand (Cockfield), Mirando 
Valley 
48 | Humble Ref. Co. 216 Ho 1,100 750 Beenie Kelsey field into Brooks 
: ‘ounty 
49 | Atlantic Ref. Co. 61 744 % 2,450 2,425 | Opened Weslaco field 
50 | Gulf States 110 5.8 Ao 3,300 3,200 | Opened San Salvador field 
51 | Harding & Pantano 24 2.5 34 2,050 2,025 | Opened McAllen field 
52 | R. E. Harding 180 546 34 (sealed) | 1,750 | New sands, McAllen 
53 | Phillips Petr. Co. 50 2.26 6 2,800 (working) ee test and new sand, Sam 
‘ordyce 
54 | Union Prod. Co. 35 3 38 1,300 1,100 | Deepest test and new sands, 
Mercedes 
55 | Rowan & Hope 125 ae a ‘ ee 5 Hy Opened Alfred field, 
56 | Presnall & Mosser 4 : 6 ; ; decovertes of Alice held: 
57 | H. H. Howell 177 +} = leaosso}--"900.. |  Co-diseovertes 
58 | Magnolia Petr. Co. 40 z — 3,635 3,550 | Opened Bandera field 
ubing | . 
59 | H. H. Howell 160 36 | 1,400 750 | New 4,700-ft. sand, Alice 
60 | Southern Minerals 600 New Vicksburg sand, Alice 
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Jim Hoae County 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 


Kelsey Field.—The Kelsey field, situated on the Kelsey anticline in 
southeastern Jim Hogg County, was discovered by Humble Oil & Refining 
Company’s A. K. Bass No. 2, San Rafael grant, which was completed 
for a flow of 164 bbl. of 44.7° gravity oil per day through perforations at 
The well showed 1170 
lb. pressure on tubing and 1480 Ib. pressure on casing while flowing 


4744 to 4748 ft. in Frio sand at 4730 to 4748 ft. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Total Surface Deepest 
ount; Well Name and Location Depth, : Horizon 
County FE. Formation Tested 
CL) [dy Wells jorciatraty.s tele tata Rattan No. 2 Block 13 5,312 | Lissie Vicksburg 
OS Wells. abcd .acaweee Dunlap No. 1 Sec. 181 6,766 | Lissie Vicksburg 
GSil Tut Wells cyelapetielenteise fees Smith & Gardner No. 2 5,618 | Lissie Vicksburg 
64.) Jim Wellgo cn acide cr R. V. de Garcia No. 1 8,302 | Lissie Yegua (y) 
65:.| dim Wells: 28 Whe. eoentee Seeligson No. 10 (Hast Premont) 6,602 | Lissie Vicksburg 
66) Jim Wells. ascxicauleb,capteer. 2 Bankers Mortgage No. 1 Clegg Subd. 5,402 | Lissie Vicksburg 
672}, Jim: Wells Aehsceishehen cee Martens No. 1 (Alice) 3,533 | Lissie Frio 
GS" Juma; Wellstes mcnaeernat vanes Lindsey & Reed No. 1 (Alice) 5,370 | Lissie Vicksburg 
69 | Jim Wells Cook No. 1 (Alice) 5,500 | Lissie Vicksburg 
70 | Jim Wells Robt. Adams No. 1 (Alfred) 3,372 | Lissie Frio 
71 | Jim Wells Seeligson No. 8 6,953 | Lissie Vicksburg 
72 | Kleburg .| State of Texas No. 1 Tract 522 9,636 | (Submerged) | Frio 
73 | Nueces Chas. McKenzie No. 1 Survey 419 5,813 | Beaumont Frio 
74 | Nueces Simmons No. 1 Agua Dulce Grant 8,706 | Beaumont Vicksburg 
75 | Nueces .| E. C. Wilson No. 1 Herrera Grant 6,541 | Beaumont Frio 
76 | Nueces ..| H. B, Baldwin No. 4 Block 20 5,167 | Beaumont Heterostegina 
77 | Nueces. .| C. P. Wardner No. 4 Sec. 16 6,300 | Beaumont Frio 
78 | Nueces.... John Dunn No. 1 Survey 422 5,832 | Beaumont Frio 
79 | Nueces Fee No. 1 5,859 | Beaumont Frio 
SO Nueoee:etiasas ade oenionteke C. L, Galladay No. 1 8,190 | Beaumont Vicksburg 
SipiNueces. .,...cne eects Perkins No. 1 4,902 | Beaumont Frio 
$2: | NHGCORY cuinee tadwace kane L. McKinzie No. 1 Survey 422 5,814 | Beaumont Frio 
BS Nasecba tase teat are naotertiels Dugger No. 2 5,505 | Beaumont Frio 
84 | Nueces....................| McKinzie No. 1 5,821 | Beaumont Frio 
SB. | Nuenes: ; on. aoe went ora ore Torbett No. 1 Sec. 31 7,700 | Beaumont Vicksburg . 
80") Niécear.ccss Stteas ox oe State No. 1 (Laguna-Madre) 6,666 | (Submerged) | Frio 
ST. Wi INUOOGN, 4.. haem emsem avant Fee No, 2-C Lot 45 5,975 | Beaumont Frio 
SBUINUS COG ete cee heakrose untae’ Taggart No. 1-B 6,841 | Beaumont Frio 
887) NOGt6d...05.055 ene eens McCann No. 1 5,065 | Beaumont Heterostegina 
OOK NWB Ces esi aki wae thweed satel Tsensee No. 4 Sec. 402 6,942 | Beaumont Frio 
OTN OOBG). ois aicie ts ack eee es M. Erigan No. 2 Block 40 7,999 | Beaumont Frio 
Oo HNGROOE Sea notee ie rants State No. 1 Red Fish Bay 8,660 | (Submerged) | Frio 
. 93 | Nueces....................] M.8, T. Kenedy No. 2-B 6,456 | Beaumont Frio 
94 | Nueces....................| A. D. Halloway No. 1 5,385 | Beaumont Frio 
06: | Nueces intnasis carting) F. J. Smith No. 1 Sec. 420 7,511 | Beaumont Frio 
DG NUGOOH nidak cae ste ken aee : Clark No. 1 Veg. Gard. Subd. 7,015 | Beaumont Frio 
G7; | Nueobds casita cies ese stems Cain & Sechrist No. 24 9,927 | Beaumont Vicksburg (y) 
OSiW Nuches iis ohtsaninc Balan. E. H. Sands No. 1 Sec. 86 4,675 | Beaumont Frio 
OG Nuecaa.s.y.civc«ceehtets Minnie Brown No. 1 Sec. 87 13,728 | Beaumont Cockfield (y) 
100 | Nueces......... .| T. M. Harrell No. 3 Block 33 10,042 | Beaumont Vicksburg (y) 
101 | San Patricio. .| Smith Tolbert No. 1 Sec. 37 4,836 | Beaumont Heterostegina 
102 | San Patricio. F Belghens No. 1 Sec. 62 5,665 | Beaumont Frio 
103 | San Patricio, F ock No. 1 Block 72 ° 7,143 | Alluvium Frio 
104 | San Patricio. .| E. H, Welder No. 95-C 6,159 | Beaumont Frio 
105 | Willacy..... .| Garcia Land No. 2 10,007 | Alluvium Frio 
106 | Willacy......... .| Armendiaz No. 1 10,325 | Alluvium Frio 
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naturally through l¢-in. choke on tubing. The company had previously 
abandoned a test in which gas and oil shows were found, on this same 
structure, but 30,000 ft. northwest of the discovery. Production on this 
huge anticline, which lies in a slightly northeast-southwest direction and 
extends through southeastern Jim Hogg, northeastern Starr, and south- 
western Brooks Counties, is expected to be controlled by lenses on the 


structure. 


TABLE 2.—(Continued) 


The producing sand in the discovery well was mostly soft 
and well saturated. 


Important Wildcats Drilled in 1938 


Initial Production Pressure,Lb. 
per Day Choke per Sq. In. 
: or Bean, 
Drilled by Oil ee fe Remarks 
U.S. | Millions | #98 Of) Casing | Tubing 
Bbl. | Cu, Fs, | 92 Inch 
61 | R. B. Bryant 200 Ke 750 75 | New 5,000-ft. Frio sand, Alice 
62 | Transwestern 400 Y 1,975 2,000 | New Sand and SW. ext. East 
Premont 
63 | Texas Gulf Prod. 450 New 5,200-ft. sand, Alice 
64 | Magnolia Petr. Co. 12 East ext. Bandera 
65 | Magnolia Petr. Co. 85 3% 2:125. | 1,975 na 5,600-ft. Frio sand, East 
remont 
66 | Tom Graham, H. Mosser 60 340 1,920 1,580 apis NE. ext. deep production, 
ice 
67 | Tom Graham (Distil- 10 ¥g 1,250 1,250 | New Frio sand and West ext.. 
late) Alice 
68 | W. J. Goldston 50 5 46 2,125 1,900 | New sand, Alice 
69 | Pan American & Callaway 20 21 Ho 2,200 2,175 | Hast ext., Alice 
70 | Smith & Storey yy 600 Northeast ext., Alfred 
71 | Magnolia Petr. Co. 1,250 38 1,600 | North ext. Hast Premont 
72 | Pure & Superior 75 (2,700) Opened Bird Island field 
73 | L. A. Douglas 571 \ 600 1, Opened Turkey Creek field 
74 | Union Prod. Co. 60 67 BA 1,900 1,850 | Opened North Agua Dulce field 
75 | Seaboard Oil Co. Gas (cratered) Opened Riverside field _ 
76 | J. K. Culton 131 46 1,400 825 | New sand, Corpus Christi field 
77 | Camp Prod. Co. 163 A 1,975 1,900 | New sand, Stratton 
78 | C. Andrade III 350 Ya 1,150 850 | East ext. Turkey Creek 
79 | Rand Morgan 250 542 1,105 850 had end and south ext. Turkey 
ee 
80 | Union Prod. Co. 36 10 Y 2,800 2,500 | Sand and north ext. Agua Dulce 
81 | Union Prod. Co. 50 10 West ext. Agua Dulce 
82 | Rutherford Oil Co. 475 1164 1,000 950 | SE. ext. Turkey Creek : 
83 | Wellington & Seaboard 475 38 400 75 | New sands, South Clara Driscoll 
84 | Heep Oil Co. 350 346 1,000 900 | NE. ext. Turkey Creek 
85 | Union Prod. Co. 480 Y 1,375 950 | New 5,300-ft. sand, Agua Dulce 
86 | Sinclair-Prairie 500 ¥% First submerged producer (Flour 
50 | New 3,800 ft-sand, Turkey Creek 
ad Morgan 125 Ya 950 0 ew 3, t. sand, Turkey Cree! 
ms Biter Oil Co. 800 %a 1,330 1,200 | New sand and SW. ext. Saxet 
89 | Sun Oil Co. 106 Ya South ext. Luby | 
90 | Western Gulf 145 ¥y 1,300 1,000 | New 6,400-ft. Frio sand, Saxet 
91 | Richardson Petr. Co. 500 3 2,500 2,300 | New deep sand, Saxet 
92 | Coastline Oil Dry hole a submerged wildcat South 
exas 
il Co. 500 5 1,150 ‘| 780 | New 6,400-ft. sand, Turkey Creek 
in eur Beal 500 (Artificial litt) New sand, Clara Driscoll 
95 | Carlos Oil 170 542 550 375 | New 4,000-ft. sand, Turkey Creek 
96 | Stanolind 20 1364 1,550 1,450 | SE. ext. Riverside 
97 | Richardson Petr. Co. 175 3 346 3,400 (on drill | Deepest prod. in Saxet and So. 
stem) ee 4 on ae 
250 ew Frio sand, Agua ce 
a Ga ange (Plugging back) Te test in Agua Dulce and 
0. Texas 
i etr. Co. (Drilling at end of year) Deepest test Saxet 
jot Fea eeet Co. 10 542 2,100 1,950 | Opened East Plymouth 
102 | Plymouth Oil Co. 216 46 1,100 950 | Opened East White Point 
103 | Frank Grote 300 He SW. ext. Aransas Pass 
104 | Plymouth Oil 180 542 | 1,100 995 | New sand, Plymouth 
105 | Sal Vieja Oil Co. Dry deep test 
106 | Magnolia Petr. Co. Dry deep test 
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TABLE 3.—Deep Wells Drilled during 1938 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 


County Field Company and Well poe Ben OK Results 
Sourn Corpus Curisti District, WreL~s Drituep To 7,500 Frnt anp BELOW 
Hidalgo...... were (Discov- pueete Ref. Co. Amer. R.G.L.| 9,182} Vicksburg | Oil and gas 

ery 0. 1 ; ‘ 
BidGleosjcdoves San Salvador (Dis- | Gulf States Oil Co. Cardenas No. 8,002 | Frio Oil and gas 
covery) 1 : 
Hidalgo...... Mercedes ct ar tee Co. Amer. R.G.L.| 7,516 | Frio Oil and gas 
O- 1k 
Hidalgo...... La Blanca Fentenc Oil Co. Engleman No.| 7,853 | Frio Oil 
l- 
Hidalgo...... Wildcat Wheelock & Collins & er ge 7,506 | Frio Dry 
| Temple Lumber Co. No, ’ 
Hidalgoic. a Sam Fordyce Eom Petr. Co. Rafael Flores 9,708 | 'Yegua Oil and gas 
Pidalgo.....0 Mercedes a eee Co. Amer. R.G.| 9,618} Vicksburg | Oil and gas 
. No 
Hidalgo.enne. McAllen R. E. Harding Card No. 1 7,507 | Vicksburg | Oil and gas 
Jim Wells....| Bandera Magnolia Petr. Co. Garcia No. 1| 8,302} Yegua Gas 
Kleburg...... ee Superior Oil Co. Koch No. 1 7,522 | Frio Dry 
Kelburg .| Wildea Magnolia Petr. Co. Dietz No. 1 7,500 | Frio Dry 
Kelburg...... Bird island (Dis- | Pure Oil Co. State No. 1 9,636 | Frio Gas 
covery 
Nueces....... North Agua Dulce | Union Producing Co. Simmons! 8,706] Vicksburg | Oil and gas 
(Discovery) No. 1 
Nueces....... Agua Dulce eas Producing Co. Galladay 8,190 | Vicksburg | Oil and gas 
oO. 
Nueces....... Agua Dulce Paton Producing Co. Torbett No. | 7,700, Vicksburg | Oil 
Nueces....... Luby Seaboard Oil Co. Luby No. 7 7,595 | Frio Dry 
Nueces....... Saxet sper cio Petr. Co. Erigan No. | 7,999 | Frio Oil and gas 
Nueces....... Wildcat Coastline Oil Co. State No. 1 8,660 | Frio Dry 
(Submerged) 
Nueces....... ildcat Seaboard Oil Co. Lockett No. 1 7,510 | Frio Dry 
Nueces....... Saxet Conroe Oil Co. Bliss No. 10 7,505 | Frio Oil 
Nueces....... Turkey Creek Carlos Oil Co. Smith No. 1 7,511 | Frio Oil 
Nueces....... Saxet Richardson Petr. Co. Cain &| 9,927} Frio Oil 
Sechrist No. 24 
Nueces....... Wildcat Phillips Petr. Co. Mastin No. 1 7,765 ps Dry 
Nueces....... Wildcat The Texas Company Little No. 1 7,751 Dry 
Nueces....... Agua Dulce Union Producing Co. Minnie! 13,728 Bro Geld Testing 
? f Brown No. 1 
Willsoy: sc. Wildcat Maeneus Petr. Co. Armendiaz | 10,325 | Frio Dry 
0. 
Willaievern dt Wildcat Lope ee Oil Co. Garcia Land No. | 10,007 | Frio Dry 
Larepo Disrrict, WELLS DRILLED To 6,000 Frrr anp BELow 
Duvelodsead.. Benavides F. Gravis Vaello No. 1-A 6,018 | Yegua Oil and gas 
Duvalle aneects Wildcat Southwood Oil Co. Nolen No. 1 6,258 | Yegua Dry 
Duvali Pasch. Wildcat Magnolia Petr. Co. Lopez No. 1 6,950 | Yegua Dry 
Duryea: Wildcat paaeoaiis Petr. Co. Hoffman No. | 6,627 | Yegua Dry 
Duvaliaic.. Sweden eer Oil Co. Herberger No.| 6,109 | Yegua Dry 
Duvalisnetenk Wildcat Peamisre of Texas D. Garcia No.| 7,095 | Yegua Dry 
Diivaliinet «ss Wildcat gg eae & Taylor Ref. Co.| 6,060} Yegua Dry 
arr No 
Duvalicvaces Benavides evpaeie Oil Co. Southland No.| 6,510} Yegua Dry 
Duval. fa Benavides Mid- ee eeant Petr. Co. Rodri-| 6,155 | Yegua Dry 
guez 
Duvalaeemsie. Benavides Hiawatha Oil Co. Southland No.| 6,200} Yegua Dry 
Jim Hogg..... Wildcat ee Oil & Ref. Co. K. Bass| 7,017 | Jackson Dry 
0. 
Jim Hogg..... Wildcat Goldston & Fox Canales No. 1 6,017 | Vicksburg | Dry 
Btart. c.~ eee Wildcat 4 J. 8. Collins A. Guerra No. 1 7,009 | Vicksburg | Dry 
Statin onaekres Rincon (Discov- aera Oil Co. Slick School} 6,862 | Jackson Gas 
ery 0. 
StArgi.s hives dee Wildcat : Collins & Co. F. B. re ae No. 1 6,609 | Vicksburg | Dry 
Starcissate.r La Reforma (Dis- | Wheelock & Collins F. B. Guerra] 7,010 | Vicksburg | Oil and gas 
covery) No, 1-A 
Siar. Haitins.% Wildcat Sun Oil Co. Spear No, 1 6,113 | Vicksburg | Dry 
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“ TaBue 4.—Total Number of Wells Drilled in South Texas during 1938 
ge re ee ee 


Largpo Disrricr 


SourH Corpus CHRISTI DISTRICT 


1 Gas and distillate wells listed under oilers. 


2 There were also 21 oil wells and 5 dry holes comp 
4 One crater. pets. 
3 dry holes completed in the Aransas County portion of the Aransas 


3 New gas and distillate field. 
5 There were also 39 oilers and 
Pass field. 


: Oil-| Gas- Dry ? Oil-| Gas-| D 
aseka ers!| sers |Holes Field eh eee Holes 
: Duval County Brooks County 
AOU VIER ays) vcr. omit erin ciabian 122| 6 12 
appr Dlanca cess hee ek eee 241 5 A WAdibae Ml GSai Aster ip higidn ta cils Genet 8| O 2 
MEGhOREU Ce Ank eon OF ie. a 1] 0 QulAlta, Verde Serer totes aveus.'s avccsuarace tes 1H eo) 5 
COBapAMOUBGA. mirs00 sk kc osc tds 4) 0 B [trelsey ... 2. eee eee eee eee eee eee 1; 0 0 
WOlEPBLUMIe seis rte eisvarnas 0} O 1 Saree Betese LOWNOn marae 
NE OIEMG AS) laa. ea wnPe trie emcee es 0; O 1 : 
hada Sixty BEE OR See 2) 20 0 Hidalgo County 
ONOCONDTISCON oe Sele era esctehe-s, dca. ore 10} O 1 
Th CTE a a ea eT 2 BEE eS Are pee) na Sa oR re ti 
PAGE SINAD ODS sp sniiaie sae, lke Baveliaees 39} O Ba INT ccna aa iether he: Rigel 31 Oo 0 
Government Wells... 002220010. SR ea uarcee ke ort Piao! Sais (a 
i eran SO Ne Stes pee si ; 8 |San Salvador’...............0-. li, 0 0 
IOS CORDS CIRIETS Ce oO OF lWesla cass Meee en na cates arn oo Te) 0 
PAINS OTL beviaveys ete ake weiss ae ae ii 0 0 a ee 
gin sees SOL ACCC enn 1; 0 Al |e ODELE irda egeze ip irae irre Mares we nnoues MEL 37/1 2 
REEL ll Siraterct htetehiniins sas GMISies aay 2 0 . 
Palangana..... ol o 1 Jim Wells County 
PRONG rete mufenisteaesoraetne) «. svctid anes 0) 52 PP WAIVCO siamtote nie tsba casas S oehe cana acti es 55| 8 8 
PrGGrelswM re Lai) kiss cige et ste s 15} O Lj Alfred’ chore occ mitten ot, Maboer aa 3) 0 5 
NELGUP AG MEbAS te satin oe oleae ite creel Oo; 0 Pi Arm aposacttecinons.eccniae tee ietee Oa 0 
Bt CMO SOLO save ent a isker ston ieteeens ars 9} 0 2 BAIGOTS | s:0se sexe tassels ee 0} 2 0 
RATIO BA mrccen Meret staha.at) wachaleaiele fe Lip 20 Hil Pasteeremont seater ceviche cs 4) 0 0 
AV EMUSIOLOLE gee wis) sl c.sPseouesiors.s © 4, 0 OuiPrem ont henetrcrrssiaieine ne come ac 4, 2 2 
ieee Seven: Sisters 6 css ves as 30) 0 9 Clee Cae ewes orn ee, eon aay OO 1 
MBOCOR etre nisuatca sts ol sia wie daears Pal) ol tf 66 13, 
“TEGELOTNORS cet cen ACO ET ORO ERO ae are 4) 0 A | Beis a8 
aDstihlisoe dan eae ee eee one 462] 22 | 69 | Kleburg County 
Jim Hogg County Bird slendin secure cree teaser Of 0 
INA gadis ouch ec ae eee 1) 0 1 |Kingsville............ 02-2200. ps Oe ON eee 
COLOUR Ofcete ny.a5. «sp s/ele.cueye ts Eueia a cles 3] 0 Oi SR Obs arya eis, ca e-5.0/s pee lel cre taterece o| 1 1 
ESS ae Se econ ME Nueces County 
PINGS Uae nnrster st avers lie ieucieleyjistele wines OF oT 4 Agua Dulce... 23. 06% 00 6, 2 3 
McMullen County age Dulee (North)* - : Aa 
Calliham... 2.0.0.0... eee Bie OD Nhapmans oo ci eence ah On ON ot 
Campana POD GSO OC o Geter 1; 0 ON GlarayDriscolles, cht souecemen est 24| 0 1 
Bazell?, «2.0.2.6 6 seinen eee ee 24, 1 8 Clara Driscoll (South)........... 42] "tah. 0 
cee) 9 aE ee feta on a LE ee de 2) 0 1 Gonpus Christi; s.c2: a eee A] 1 
Loma Alta AE eet AN oiny IBbade oo. o esa va ease oan 14) 0 fay 
MERLING Ot ler aoteexttateasne viaiae vere snt cts = 8} 2 SUD he Vee ee eee nn a 84| 0 5 
Rhode 0} 3 OU Richard King. caas ccluosis ddeands 8} 2 0 
San Jose. . . 1 1 MPI Bivensideste<hkjaeo eto theos oo 0} 24 0 
South Calliham ROA Savet, Tee Wik oe en Ie ena 66, 6 | 13 
BlbOre St satelite ra rofwicke arse uansie wild ace 46, 7 16 Shae ae Shs aya Bit Sean erehae se come Pe toes ‘ . 4 
DUM Waite cous heig scorns ee shes nes tye ; 
an Couey Markey, Creeksnriscrem er sewer ace 52) 13 
MET DACOAR c , <lonuardioispeiencie nixigeyiese sae ) 1 376| 15 | 45 
vee War DaCOAs era antes mete elle = : : : CREE ea ROR SiO SO MO SEEN 
AIG ENA amounted wa ced ws s,2 gue t 
AGG, FRELOTIVAES il 0 dye) e-aus 05,4, bionerclertons 2) 0 0 EE silasae Tooth 
Ricaby.-...--.+ 0+ +. essen eee ee 2 0 © Aransas Pass®..............006- 13-10 0 
PERERA GORUS fee M cost Welty Hoe a diae carts ia GEN SIRs i KG) 0 IRast igmoth feet ol 1 1 
Sacatosa....... 66. e eee eee eee Oo, 1 2 |Past White Point............... 30} 0 1 
BANC WO OMIN GOs. 8sc 6 ich sae ste es Od 0 INGA pg te od Sete eee en RR 4| 0 0 
Saal MOndy CO kites css -chene¥eic slo sieug + 4; 1 OR ikea act Hien re ate oe tans ok ere ar 19] 0 1 
North Sam Fordyce............. Sf) 0 Vit ee | SAR A pla ees aie a 1 
Sun... eee eee beeen Bl a sO AAW G POE oy vasde ha Swe ns Senin HO fh 0 
WATIISUE ee og Caen others anole EG cur fiom Oo} ee lee eae iia ead ON ule 
Total. 0... nese eee ie ees 23) 5 9 Grndutotel South. Comus SS 
a Webb Counts _| ~ Christi District...........-- 459| 32 | 75 
PAM UGS rie citr MG pe ce aectere Gbtunniene OF T0 1 
Garou LexAS)). 5. <u eels ua eats 0 O 1 Largepo Disrrict (CONTINUED) 
Wore (GAs Wiasietectenats cera ee © ORO 1 
(CHOU, BYE Oey pene coset ene Ney ORE Cnr ord 4 2 3 Zapata County 
Cole O’Hern... oe fi © gal 2 
PU OUSELS Sco. e yeier 1; 0 OBA cine wan sacra test sea f Somhtevtcun egreec 0; 1 1 
LGU STEEN Shes fezce el «aes ass 18) 2 5 |Gharco Redondo............+++- 0; O 3 
PNlonER Uninc scistscanuasantens 1| 0 Otani Ashe Me che Gis cocina karts 12] _0 5 
Wome Walden fon n ioe. oe hata e 0 1 OOM RCODAS ean oe Leste e cue ates 28) 0 9 
MODE Tics nis ee oe ea one 0 0 1 |Mirando Valley...........-.0055 10) 1 2 
TLL ON W a AMGE i Oeste asi aria) coe) alte GY ena eis 63° 2 a al Sapte el end obedient, yet 50) 2 20 
Toa ner ee amine SE ores solos v's, SR garth OD 2%, 25 Grand total, Laredo District...| 682) 44 143 


leted in the Live Oak County portion of Ezzell field. 


478 OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 


This field was extended into Brooks County by Humble Oil & Refining 
Company’s McGill No. 1, 4664 ft. east of production, when it was com- 
pleted for a flow of 216 bbl. of oil per day from sand at 4697 to 4718 
ft. Pressures were 750 lb. on tubing and 1100 Ib. on casing, through 
34¢-in. choke. 


Extensions to Established Areas 


Colorado Field.—The Colorado field, southwestern Jim Hogg County, 
was given a north extension through the completion of K. D. Harrison 
et al.’s F. G. Martinez No. 1, sec. 623, for a flow of 60 bbl. of 46° gravity 
oil per day through open tubing from Cockfield sand at 3006 to 3015 ft. 
Pressures were 20 lb. on tubing and 145 lb. on casing, which was set at 
3003 feet. 


TasLe 5.—Rank Wildcats (Discoveries) Completed during 1938 


; County Oil ee Gas i 
LAREDO DIsTRICT 
Duval oa Ae ee eee eee 6 0 0 63 
Jim Ogee ase os os ee et oe 1 0 0 6 
Me Millenia sc sivceonsie odin ot eee one ete iS 0 0 46 
StQrT cere eek conto te ee ree aes 2 2 2 22 
SW CI Dita seeds Pee nti Slacste cin Cane 2 1 1 1 42 
VAN OS RI Sepste JO RRM Ea ERC E on ETL AR TegN Sosa kee 0 0 0 vei 
Total ear ci) 2 ira sce cece ae ee 3 3 3 190 
Soura Corpus Curisti District 

IBTOGKS the 0 ee Oe RO ea ee 0 0 0 4 
COMOLOM: Seccae a the Go cee eC ees 0 0 0 0 
FRG ale oad. c aittas ficient: ere eee 0 3 0 3 
FI Wells iyo as ie ek ee eae ey 2 1! 1 18 
TRCN OCLY Jay er. ot oc cs ots hg gee ee ae 0 0 0 0 
1. (10) Phd aay peerage as fe? Starke’ OAL 0 0 1 2 
INUZO COS Ro os casa liek nust ea oi eo eee 1 1 1 14 
San Patrioig) aes ote art eee 1 0 1 10 
WL Gy fe ate sores sic entre ereron inte acne 0 0 0 2 
"POA om eae ok ioe a eave Oe ees 4 5 4 Do 
Grand totals gee eee et ee nee 17 8 7 243 


1 Co-discovery for Alice oil field. 
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McMuvturen County 


San Jose Field.—The San Jose field was discovered on Aug. 2 through 
the completion of V. G. Schimmel et al.’s L. Kountz Estate No. 2, which 
flowed an estimated 3,000,000 cu. ft. of gas and 5 bbl. of 23° gravity oil 
per day, through perforations at 115914 to 1163 ft. in Cole sand found at 
1147 to 1163 ft. Production was through 14-in. choke, under 245 lb. 
tubing pressure and 295 lb. casing pressure. Total depth was 2012 ft. 
After plugging back, casing was set at 1280 ft. This well had oil showings 
in the Government Wells zone at 1791 to 1795 ft. and 1812 to 1828 ft., 
but both sands tested salt water. Since the Cole sand also contained 
oil shows, there seems to be a possibility of multiple-sand oil production 
elsewhere along this shore line. 

Munson Field.—On Aug. 31, the Munson field, in the extreme south- 
west corner of McMullen County, was opened by Bruce Albrights’ 
Nueces Land and Live Stock Company No. 1, which was completed as 
a pumper producing 80 bbl. of 22° gravity oil per day from Mirando 
sand at 1201 to 1213 ft. Total depth was at 1213 ft. and perforations 
were made at 1201 to 1211 ft. in casing set on bottom. This field is 
several miles updip from the Charamousca field, in northern Duval 
County, and produces from the same sand. 

Campana Field.—William H. Spice, Jr., et al. discovered the Campana 
field on Sept. 21 through the completion of the H. C. Edrington Estate 
No. 1 well, sec, 57, in Upper Government Wells sand at 2492 to 2517 ft. 
Flow of 20 bbl. of 22° gravity oil per day, along with 500,000 cu. ft. of 
gas, was through }4-in. choke on 2-in. tubing. Total depth was 2519 ft. 
This well topped the Jackson at 1870 ft. and the Hockleyensis at 2206 ft. 
The lower part of the producing sand carried oil saturation while the 
upper portion showed gas. This field is on a trend with the Government 
Wells and Seven Sisters fields in Duval County. 


Extensions to Established Areas 


Ezzell Field—Edwin M. Jones’ Ezzell No. E-1 was completed in Janu- 
ary as a 2800-ft. southwest extension to the Ezzell field, when it flowed 
150 bbl. of oil daily from the regular Loma Novia sand at 1524 to 1530 ft. 
Jones’ Ezzell No. F-1, 4800 ft. southwest of production, provided another 
extension to this field during the same month when it was completed 
flowing 525 bbl. of oil daily from sand at 1527 ft. In September, this 
field received a 6000-ft. southwest extension when Harry Ezzell completed 
his Fee No. 22 from sand at 1506 to 1519 ft. Flow of 396 bbl. of oil on 
a 12-hr. gauge was through perforations at 1507 to 1517 ft.; production 
was through open tubing under pressures of 75 lb. on tubing and 385 lb. 
-on casing. In October, the field was given still another southwest 
extension by Jones’ Ezzell No. 40, which was completed as a pumper pro- 
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ducing 150 bbl. of oil per day from sand at 1526 to 1534 ft. This well 
was one mile from nearest production. 

Loma Alta Field.—The Loma Alta field received a 114-mile northeast 
extension through the completion of W. A. Wagner’s (Alabama Minerals) 
M. Gordon No. 3, sec. 127, which pumped 40 bbl. of 21.7° gravity oil a 
day from a new sand (Government Wells) at 2221 to 2232 ft. This sand 
was found approximately 60 ft. below the regular Chernosky sand, which 
produces in the Loma Alta field. This has been classified by some as a 
new and separate field, but general opinion is that it is another sand lens 
on the same structure. 

Rhode Gas Field.—The Rhode gas field was extended 14 mile south 
by Loma Oil Company’s H. C. Edrington No. 1, which showed a flow 
of 23,300,000 cu. ft. of gas under 600 lb. rock pressure from Cole sand 
at 1800 to 1820 feet. 


STaRR CouNTY 


Rincon Field.—On Feb. 21, Transwestern Oil Company’s Slick Shool 
No. 1, in sec. 266, opened the Rincon field from Vicksburg sand at 4172 
to 4259 ft., through perforations at 4212 to 4230 ft. Flow of 5,000,000 
cu. ft. of gas and 1 bbl. of 59° gravity distillate per day was through 
14-in. choke under pressures of 1700 Ib. on tubing and 1700 lb. on casing. 
This area is on the T. B. Slick Estate Ranch in east central Starr County 
and is 16 miles north of the Sam Fordyce field. This well found the 
Frio at 1945 ft. and topped the Vicksburg at 3951 ft. The Rincon struc- 
ture is an anticline, of which the axis lies in a north and south direction. 
No faulting was disclosed through correlations with three deep wells 
previously drilled within 14-mile radius of the discovery well. The sand 
producing in this well showed a fair saturation with distillate; its porosity 
ranged from 26 to 39 per cent and its probable average thickness is 
40 feet. 

Young Field (Charco Blanco).—The Young field, 14 miles north of 
Rio Grande City, and in Porcian 79, was opened on June 14 by Sun Oil 
Company’s Mrs. J. J. Young No. 1, which flowed an estimated 3,000,000 
cu. ft. of dry gas per day through 34¢-in. choke under pressures of 960 
Ib. on tubing and 1000 lb. on casing. Production was from Jackson sand 
at 2708 ft. to 2730 ft. Hockleyensis was topped at approximately 2100 ft. 
Other sands were found in this well, at 1279 to 1307 ft., 1840 to 1844 ft. 
(perforations), 2078 to 2085 ft. and 2208 to 2214 ft., and though all 
carried salt water, there is a possibility that they may produce oil or gas 
elsewhere on this structure, about which little is known. 

La Reforma Field.—Wheelock and Collins’ F. B. Guerra No. 1-A, 
the company’s third test on the La Reforma prospect, was completed on 
July 23, in basal Frio sand at 5917 to 5969 ft., flowing 2,500,000 cu. ft. 
of gas and 60 bbl. of 51.6° gravity, straw-colored distillate per day to 
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open the La Reforma field. Production was through 3/¢-in. choke with 
2125 lb. pressure on tubing and 2300 lb. pressure on casing. Gas-oil 
ratio was approximately 40,000 to 1. Total depth was at 7010 ft. 
Completion was effected in the Frio after several Vicksburg sands below 
6000 ft. tested salt water. The company’s first well on this structure, 
A. Guerra No. 1, was abandoned at 7009 ft., although oil and gas shows 
were found in Frio and Vicksburg between 5850 and 6300 ft. Rig 
was then moved 3000 ft. west and 1500 ft. south for F. B. Guerra No. 1, 
which blew out at 6609 ft. and ran wild, finally being killed and junked. 
The Vicksburg, in this well, was topped at 6059 ft. Rig was then moved 
200 ft. south, where discovery was completed. 

The La Reforma structure, an anticlinal fold covering several thousand - 
acres, will probably trend in a slightly northwest and southeast direc- 
tion, and although development has been rather disappointing to date, 
it has possibilities of becoming an important multiple-sand producing 
area. There are indications of faulting; the discovery well apparently 
cut a fault, as the log of the lower portion of the hole was considerably 
at variance with loggings of the two failures. 

Sun Field.—More than 12 miles south of the Kelsey field, and on the 
same Kelsey anticline, the Sun field was discovered by Sun Oil Company’s 
Mrs. A. McKinney No. 1, sec. 242, northern Starr County. This well, 
completed on Sept. 15, flowed 180 bbl. of 43.7° gravity oil per day through 
59-in. choke, with tubing pressure at 730 lb. and casing pressure at 
990 lb.; gas-oil ratio was 640:1. Perforations were made at 485314 to 
485616 ft. in Frio sand logged at 4842 to 4858 ft. The sand in both this 
well and the discovery well of the Kelsey field, Jim Hogg County, was 
found at the approximate contact of the Frio and Vicksburg zones. 

Sreconp Sanp.—Sun Oil Company’s Olivarez et al. No. 1, sec. 239, 
was completed in November for a flow of 132 bbl. of oil per day from 
perforations at 4905 to 4910 ft. in basal Frio sand at 4901 to 4911 ft. 
Production was obtained through °49-in. choke under pressures of 450 Ib. 
on tubing and 1250 lb. on casing. Total depth was at 5709 ft., in 
the Vicksburg. . 

Tutrp Sanp.—In December, Circle Oil Company’s S. Olivarez No. 1 
was completed in a new sand found in the Vicksburg at 5115) to 5135 
ft. through perforations at 5117 to 5119 ft. This well flowed 55 bbl. of 
47.9° gravity oil per day through }¢-in. choke, under 2000 lb. tubing 
pressure and 1325 lb. casing pressure. 

Sacatosa Field.—The Sacatosa field was discovered on Oct. 5 by 
Harvey and Henderson and Hagan and Stewart’s Zaragosa and José A. 
Salinas No. 2, which was completed in Government Wells sand at 1650 
to 1661 ft., through perforations at 1657 to 1661 ft., for an estimated flow 
of 5,000,000 to 6,000,000 cu. ft. of dry gas per day. Flow was through 
14-in. choke and under tubing pressure of 400 lb. Total depth was 


482 oI1L AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1938 


170514 ft.; top of Cole was found at 810 ft., while Government Wells 


zone was topped at 1650 ft. This field, whose production is from a 


stratigraphic trap caused by a pinch-out in the Government Wells sand, 
is on a regional nose that dips toward the northeast through the Guerra 
(Cuevitas) field, 514 miles distant. 

North Barbacoas Field—In May, Lee Davis’ M. M. Garcia No. 1, 
in sec. 956, and 3 miles north of Barbacoas field, flowed 100 bbl. of fluid, 
mostly oil, from perforations in Frio sand at 2663 to 2669 ft. This was 
considered an extension to Barbacoas rather than a new field, but an 
attempt to connect these two areas ended in failure when Henshaw 
Brothers and Eastern Oil Company’s Stalley No. 1, midway between 
the two producing areas, was abandoned in salt-water sand topped at 
2740 feet. 


New Sands in Existing Fields 


Sam Fordyce Field ——A new Frio sand in the northwestern portion of 
Sam Fordyce field was found in March by H. J. Porters’ A. Flores No. 3 
at 3183 to 3196 ft. The well drilled to 3365 ft., plugged back to 3206 ft., 
and when perforated at 3183 to 3189 ft. flowed 15 million cubic feet of 
gas daily. 


Extensions to Established Areas 


Santo Domingo.—In April, John H. Clopton No. 5 Roos and Bennett, 
in the Santo Domingo gas field, was completed as a gasser from sand at 
2498 ft. to extend the field 1000 ft. to the south in the regular Frio sand. 


Wess CouNTY 


Lome Valdez Field.—On Jan. 1, Howard Nessley’s A. M. Bruni No. 3 
opened a new Cole sand field, 8 miles south of Bruni in southeastern 
Webb County, when it was completed producing 7,000,000 cu. ft. of gas 
per day through 3¢-in. choke, from sand at 1790 to 1812 ft. Perfora- 
tions were made at 1804 to 1808 ft., where the best oil show was found, 
but no oil was produced on tests. The well showed 400 lb. working 
pressure and 450 lb. closed-in pressure. Cores showed gas sand from 
1790 to 1804 ft., oil and gas sand at 1804 to 1812 ft., and shale and sand 
streaks to total depth at 1850 ft., where casing was set. This structure, 
sand lenses on a nose, dips to the east and, as mapped, is about 4 miles 
long and 1 to 114 miles wide. Oil shows point to the possibility of future 
oil production for this area; however, the Cole sand lenses out 14 to 4 
mile to the west of the discovery well. 

Houser Field.—The Houser field, 3 miles north of the Oilton field and 
1 mile northwest of the Killam field, was discovered by W. F. Houser et 
al.’s F. G. Garcia and C. D. Villareal No. 1, sec. 720, when it was com- 
pleted as a gasser flowing an estimated 15,000,000 cu. ft. of gas and 
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spraying several barrels of 45° to 46° gravity oil per day. Flow was 
through perforations at 249214 to 249614 ft. in Rosenburg sand found 
at 2492 to 2524 ft., and was through 14-in. choke. Casing was set at 
total depth of 2524 ft.; the well showed a working pressure of 800 lb. and 
shut-in pressure of 1100 lb. The producing sand, broken by numerous 
shale streaks, carried a high gas content and contained a slight odor 
of high-gravity oil. This well also found Mirando sand at 1992 to 1995 
ft. and at 2006 to 2017 ft.; a test between 1970 and 2013 ft. recovered 
420 lb. working pressure and no oil. This field is similar to other rather 
limited fields in its immediate vicinity in that its production is controlled 
by sand lenses along a shore line or monocline. It is on trend with the 
Kallam-Oilton structures and also with the outpost gasser, the Moore 
and Meaders No. 1 Garcia and Villareal, which last year discovered 
Rosenburg (Cockfield) sand production 14% miles north of Oilton. 

North Killam Field.—Dovre, Brown and Taylor Refining Company’s 
Guerra (Zapata) No. 1, one mile north of the Killam field, was completed 
for a flow of about 100 bbl. of 22° gravity oil to discover the North Killam 
field in December. Production was obtained from perforations at 2046 
to 205114 feet in Mirando sand found at 2045 to 205114 feet. 


New Sands in Existing Fields 


Cole Bruni Field.—In March, Kenyon Oil Company’s No. 1 Benavides, 
in the south end of the Bruni field, was completed through perforations 
at 3270 to 3280 ft., in a new Yegua sand, for a flow of 1386 bbl. of 36.2° 
gravity oil per day through 3/¢-in. choke, under 900 lb. working pressure. 
This well found the regular Bruni sand at 3419 to 3444 ft.; after testing 
salt water at this level, it was plugged back to 3290 ft., where completion 
was made in the new sand. 

Oulton Field.—In the Oilton district, O. W. Killam and Campbell’s 
E. M. Thompson (Wher) No. 5 was completed in the Rosenburg (Cock- 
field) sand at 2473 to 2482 ft. as the first well in the main field to be drilled 
to this lower level. This horizon was discovered last year by a gasser 
114 miles north of the field; another well, on the west side of the field, 
showed a little oil in this sand but commercial production was not 
obtained. The Thompson No. 5 well was also soon abandoned after 
producing several barrels of oil per day from this zone. 


Extensions to Established Areas 


The Killam and Oilton fields were merged into one producing area 
in January by the completion of L. H. Jones’ F. O. Saenz No. 1, block 6, 
sec. 1005, Webb County, midway between the two areas, when it was 
completed flowing 275 bbl. of oil daily from Mirando sand at 1921 to 
1927 feet. 
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ZAPATA COUNTY 


New Sands in Existing Fields 


Mirando Valley Field.—The most important development of the year 
in Zapata County was the opening of a new sand, on Feb. 24, in the 
first commercial oil-producing field discovered in South Texas, the 
Mirando Valley field. The discovery well, Burt Calvin’s Rufino Lopez 
No. 1, just east of production, was completed heading 300 bbl. of 23° 
gravity oil per day, under 35 lb. pressure, from an oil sand cored in the 
Cockfield zone at 1873 to 1881 ft. The regular field production is from 
the Hockleyensis at approximately 1425 feet. 


SOUTH CORPUS CHRISTI DISTRICT 


HipatGco CouNTY 


Weslaco Field—On Feb. 6, the Weslaco field, 2 miles southwest of 
Weslaco, was brought in through the completion of Atlantic Refining 
Corporation’s American Rio Grande Land and Irrigation Company No. 1, 
sec. 175. This well was drilled to 9182 ft.; completion was first effected 
in Frio sand through perforations at 8990 to 9005 ft. where a flow of 
19 bbl. of 48.6° gravity amber distillate per day was obtained through 
3¢-in. choke, under 1000 lb. tubing pressure and 1225 lb. casing pressure. 
Previous perforations had given the following results: at 9148 to 9155 ft., 
dry; at 9008 to 9015 ft., slight amount of gas; at 8985 to 9000 ft., gas 
and distillate. ‘The well was then reworked and perforated at 8810 to 
8820 ft., where it showed gas. When another set of perforations at 
8800 to 8808 ft. also showed gas, the well was plugged back to 8782 ft. 
where a flow of 74.5 bbl. of 51.5 white distillate, 7,500,000 cu. ft. of gas, 
and 8 bbl. of sweet water per day resulted from perforations at 8634 to 
8642 ft. Flow was through 3¢-in. choke with pressures of 2950 lb. on 
tubing and 3100 lb. on casing. These zones, mostly hard distillate sands 
of minor saturation, are on a rather large anticline, whose axis strikes 
to the north and south. In this well, Catahoula was topped at 4290 ft., 
Fossil zone at 5010 ft. and Frio at 5662 feet. 

San Salvador Field——The San Salvador field, 2 miles northwest of 
the Mestenas field, was discovered during the latter part of April by 
Gulf States’ Cardenas No. 1, which flowed 110 bbl. of 55° gravity clear 
distillate and 5,800,000 cu. ft. of gas per day through 54¢-in. choke from 
perforations at 7630 to 7640 ft. in Frio sand. Tubing pressure was 
3200 lb, and casing pressure was 3300 lb. At total depth of 8003 ft. 
the well was still in the Frio zone. This discovery has been classified by 
some as a 2-mile northwest extension to the Mestenas field. 

McAllen Field——R. E. Harding and Pantano Oil Corporation’s 
W. W. Woody No. 1, Porcian 69, produced 24 bbl. of 61.5° gravity distil- 
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late and 2,500,000 cu. ft. of gas per day from perforations at 5970 to 5974 
ft. in Frio sand at 5970 to 5994 ft., to discover the McAllen field, 2 miles 
southeast of McAllen, on Aug. 19. Flow was through 3¢-in. choke; 
pressures were 2025 lb. on tubing and 2050 Ib. on casing. Total depth 
of this well was 7214 ft.; estimated top of the Fossil zone is at 4012 ft. 
and top of Frio at 4408 ft. This structure, an elongated dome, is con- 
sidered to be a very deep-seated salt dome; this field should be large 
from an acreage standpoint, although production probably will be mostly 
distillate with high gas ratio. The producing sand was rather hard and 
very gassy. 

This field was given an extension and two new sands by R. E. Hard- 
ing’s EK. M. Card No. 1, 44 mile east of the McAllen city limits, when it 
flowed 180 bbl. of 55° gravity white distillate and 5,500,000 cu. ft. of gas 
daily through 3¢-in. choke from perforations at 7440 to 7465 ft. in Vicks- 
burg sand at 7402 to 7498 ft. Pressures were 1750 lb. on tubing with 
casing sealed. Total depth was 7507 ft. After flowing for a few days, 
the well was plugged back and showed for a gas and distillate producer 
at 6920 to 6955 ft. Final completion was still pending at the end of the 
year, after a test of the regular sand. 


New Sands in Existing Fields 


Mercedes Field.—Union Sulphur Company’s American Rio Grande 
Land and Irrigation Company No. 1, the deepest test in the Mercedes 
field, was drilled to 9618 ft.; after perforation and testing of several new 
distillate and gas sands between 7900 and 9000 ft., this well was completed 
flowing 35 bbl. of 61° gravity distillate and 3,000,000 cu. ft. of gas daily 
from perforations in the regular Frio zone at 7430 to 7440 ft. Flow was 
through 3¢-in. choke, under 1100 lb. tubing pressure and 1300 lb. cas- 
ing pressure. 

Sam Fordyce Field—A new sand, in the Jackson, was opened in 
December in the Sam Fordyce field by Phillips Petroleum Company’s 
Flores No. 1, deepest test in the field. After drilling to 9708 ft., this well 
was plugged back to 5950 ft. and perforations were made at 5840 to 5900 
feet, where 50 bbl. of white distillate and 2,260,000 cu. ft. of gas were 
obtained daily through 3/,-in. choke, under 2800 lb. working pressure. 


Extensions to Established Areas 


Sam Fordyce Field—H. C. Dean’s Sheldon No. 1, between the Sam 
Fordyce and North Sam Fordyce fields, was completed through perfora- 
tions at 2835 to 2839 ft. in Frio sand to provide a 1600-ft. extension to 
this field in October. Flow of 10 bbl. of fluid hourly was through )-in. 
choke and under pressures of 200 Ib. on tubing and 700 lb. on casing. 
This well found gas sand at 1780 to 1805 ft., oil sands at 2700 to 2768 ft., 
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2835 to 2839 ft., 2857 to 2865 ft., and oil and salt-water sand at 2925 to 
2960 ft. Total depth was 3015 ft. with casing set at 2990 feet. 


KiLeBuRG CouNTY 


Bird Island Field.—Pure and Superior Oil Companies’ State of Texas 
No. 1 was completed on Nov. 28, as the first wildcat producer in sub- 
merged lands of South Texas, to discover the Bird Island field. This 
well, in tract 522 on Bird Island, in Laguna Madre, Kleburg County, was 
completed in sands logged at 7200 to 7310 ft. for a flow of 75,000,000 cu. 
ft. of gas per day under 2700 lb. pressure. Production was obtained 
through a series of perforations at 7210 to 7230 ft., 7239 to 7256 ft., 
and 7269 to 7278 ft. Perforations at 7290 to 7310 ft. showed gas and 
salt water. 

A canal approximately 15 miles long was dredged through Laguna 
Madre to provide transportation of supplies and equipment to the well 
location by means of barges. 

This structure, probably a faulted anticline, is expected to cover a 
large area. The discovery well topped Small Discorbis at 6028 ft., 
Eponides at 6120 ft., Large Discorbis at 6688 ft., Heterostegina at 6844 
to 6864 ft., Round Marginulina at 7090 ft., and Flat Marginulina at 
7195 feet. 


Jim WELLS CouUNTY 


Alfred Field——Rowan and Hope’s Robert Adams No. 1, 14% miles 
northwest of Alfred and 10 miles northeast of Alice, was completed on 
Feb. 24 to discover the Alfred field from a Frio sand at 3223 to 3234 ft. 
Initial production of 125 bbl. of oil daily was from perforations at 3224 to 
3229 ft., through 54 9-in. choke, with tubing pressure of 125 Ib. and casing 
pressure of 340 lb. Total depth was 5509 ft. The Discorbis was topped 
at 2595 ft., the Vicksburg at 4725 ft. and the Jackson at 5375 ft. Other 
sands indicated by Schlumberger as having possibilities were at 3330 to 
3340 ft.; 4205 to 4210 ft., 4925 to 4930 ft. (Vicksburg) and at 4995 to 
5010 ft. (Vicksburg). This well was drilled on trend with several failures 
on the Alfred prospect, most of which carried oil and gas shows. The 
lower sands found in these wells do not indicate very much structure, 
and production in the upper sand is probably controlled by sand lensing. 
The sand in this well showed a saturation of 2 to 3 per cent, and a porosity 
of 28 to 33 per cent. 

Alice Field.—On April 15, Presnall and Mosser’s Mortgage Invest- 
ment Company No. 1, 2)4 miles southwest of Alice, was completed on the 
Alice prospect from Frio sand at 3480 to 3496 ft., producing 2,800,000 
cu. ft. of gas and 4 bbl. of distillate per day through 3/¢-in. choke from 
perforations at 3491 to 3494 ft. Pressures were 1350 lb. on tubing and 
1400 lb. on casing; closed-in pressure was 1500 lb. Cores from 3480 to 
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3486 ft. showed only gas and from 3486 to 3496 ft., total depth, oil and 
gas were present. This well found the Discorbis at 2840 ft. and Frio at 
3040 to 3050 feet. 

SEconD Sanp.—On April 18, and 5 miles south of Alice, H. H. Howell 
brought in his No. 1 Reed and Lindsay from Vicksburg sand at 5375 to 
5425 ft., to discover commercial oil production on this structure and to 
focus interest on the possibilities of the Vicksburg trend. From 5375 
to 5400 ft., the sand carried good oil odor and from 5400 to 5425 ft. a 
good oil show was present but salt water was also indicated. Casing 
was set at total depth of 5430 ft. and perforated at 5375 to 5385 ft. where 
a production of 177 bbl. of oil per day through 1¢-in. choke was obtained 
under 900 lb. tubing pressure and 1085 lb. casing pressure. 

These two wells, discovered almost simultaneously, are considered 
to be part of the same field, lying on the same anticlinal structure, which 
shows two individual highs and is about 6 or 7 miles long, trending north- 
east and southwest just south of Alice. Faulting to the west and south- 
east of the structure is indicated. The Howell well topped Fossils at 
2778 to 2810 ft.; Frio at 3042 to 3073 ft., First Shells (probable top of 
Vicksburg) at 5197 to 5228 ft. and Ammobaculites at 5400 to 5418 ft. 
Howell had previously drilled two wells 214 miles southeast; although 
both showed oil and gas on tests, neither ranked as a commercial producer. 

Turrp Sanp.—A second level in the Frio was proved productive in 
Alice by Tom Graham’s Charles Martens No. 1, 5 miles southwest of 
the Pressnall and Mosser well and 2 miles west of the Howell well. This 
well flowed gas on completion from sand at 3522 to 353314 ft. but later 
produced oil. These two completions in the Frio proved a 5-mile trend 
in the 3500-ft. level. 

FourtH Sanp.—Another level in the Frio was proved productive in 
May by W. J. Goldston’s Lindsay and Reed No. 1, which came in as a 
gasser spraying 45° oil through perforations at 5155 to 5160 ft. in sand 
at 5141 to 5161 ft. Flow was through 34¢-in. choke and under pressures 
of 1900 lb. on tubing and 2125 |b. on casing. This well found salt water 
in the discovery sand. 

Kirra Sanp.—H. H. Howell opened the 4700-ft. sand, previously 
logged by several wells, with his H. J. Mosser No. 1, which was completed 
in August for a flow of 160 bbl. of oil per day from perforations at 4788 to 
4799 ft. through 3{¢-in. choke. Pressures were 750 lb. on tubing and 
1400 lb. on casing. This well, which also extended the field 2 miles 
southwest, tried to blow out from a sand found at 7190 to 7260 ft. Total 
depth was 7335 feet. 

Srxru Sanp.—A second level in the Vicksburg was opened in October 
by Southern Mineral Corporation’s Stillwell No. 1, block 17, on the west 
side of the field, at 5425 to 5452 ft., where completion was effected through 
perforations at 5441 to 5451 ft. for a flow of 600 bbl. of oil daily. 
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Srventu Sanp.—After finding salt water in the 5300-ft. zone, R. B. 
Bryant’s Rattan No. 2, block 13, was completed in a new Frio sand 
through perforations at 5031 to 5037 ft. for a flow of 100 bbl. of oil on a 
12-hr. gauge. Production was through 3(¢-in. choke, under 75 lb. tubing 
pressure and 750 lb. casing pressure. This sand was previously found 
by a number of wells but owing to offsetting obligations no former com- 
pletions were made at this level. 

E1cHtuH Sanp.—The 5200-ft. sand in Alice field, also logged by several 
wells in this field, was established as a producer during the first part of 
November by Texas Gulf Producing Company’s Smith and Gardner 
No. 2, which flowed oil through perforations at 5211 to 5223 ft. This 
well was drilled to 5618 ft. after missing the 5400-ft. sand. 

Other Data.—This field’s deep Vicksburg production was given a 
2-mile northeast extension in December by Graham and Mosser’s Bankers 
Mortgage Company No. 1, which flowed 60 bbl. of fluid per day from 
perforations at 5329 to 5333 ft. in sand at 5286 to 5339 feet. Develop- 
ments in this field indicate an elongated domal type of structure with 
sands dipping steeply off the axis in all directions, especially to the south- 
west. Several wells on top of the structure have produced much gas. 

Bandera Field—The Bandera field, on La Anima Sola prospect, in 
southwestern Jim Wells County and near the Duval County line, was 
discovered by Magnolia Petroleum Co. on Aug. 2 when its Paula G. 
de Valades No.1 was completed for a flow of an estimated 40,000,000 cu. 
ft. of dry gas per day from Jackson sand at 6408 to 6415% ft. Flow 
was through 2-in. tubing; shut-in pressures were 3550 lb. on tubing and 
3635 lb. on casing. Total depth was at 6419 ft. and casing was set at 
6408 ft. The well had previously blown out and stuck drill pipe at the 
discovery level, causing a long fishing job. This structure, on the Vicks- 
burg trend, is considered to be a large local faulted anticline trending 
northeast and southwest through Jim Wells County, upon which the 
Alice field is located. It is believed that future developments in this 
field will establish oil production of the flanks of this structure. 


New Sands in Existing Fields 


East Premont Field.—Transwestern Oil Company’s Dunlap No. 1, 
6000 ft. southwest of East Premont production, was completed in Novem- 
ber for a flow of 2 bbl. of 60° gravity distillate per hour from perforations 
at 5365 to 5370 ft. in Frio sand. Production was through 14-in. choke 
under 2000 lb. tubing pressure and 1975 lb. casing pressure. This well 
had been drilled to 6766 ft. after finding Vicksburg sand at 6680 to 6690 ft. 
hard and carrying only an odor. 

After showing for a distillate producer through perforations in the 
regular 6600-ft. sand, and also at 6132 to 6138 ft. and 5807 to 5812 ft. 
in new Frio sands, Magnolia Petroleum Company’s A. A. Seeligson No. 
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10 was completed in December in a Frio sand through perforations at 
5626 to 5632 ft. for a flow of 85.16 bbl. of oil per day through 3¢-in. choke 
under 1975 lb. tubing pressure and 2125 lb. casing pressure. 


Nueces County 


Turkey Creek Field—On Jan. 4, the Turkey Creek (West Saxet) 
field was discovered by L. A. Douglas’ Charles McKenzie No. 1, approxi- 
mately 5000 ft. west of a major fault of at least 500 ft. displacement, and 
on its upthrow side. This well produced 571 bbl. of 35.2° gravity oil per 
day through 14-in. choke under pressures of 1400 lb. on tubing and 
1600 lb. on casing, through perforations at 5810 to 5812 ft. in Frio sand 
at 5794 to 5813 ft., total depth of well and casing. D¢scorbis was topped 
at 4159 ft., Heterostegina at 4323 ft. and Frio at 4515 ft. This Frio 
sand showed a porosity of 28 per cent, and a saturation of 4.5 per cent. 
The field was given a rapid development until failures in all directions 
limited outpost operations. 

SECOND Sanp.—In March, a Frio sand at 5641 to 5660 ft. was found 
by Rand Morgan’s Fee No. 1, which flowed 10 bbl. of oil per hour through 
549-in. choke under 875 lb. tubing pressure and 1105 lb. casing pressure. 
This well found the discovery sand very thin and carrying salt water. 

Tuirp Sanp.—A shallow sand in the Catahoula was found in April 
by Rand Morgan, when an electric log indicated a sand at 3846 to 3860 
ft., in his Fee No. 2-C well, which had drilled to 5975 ft. after missing 
both the 5600-ft. and 5800-ft. sands. When perforated at 384614 to 
3850 ft., this sand produced a daily flow of 125 bbl. of oil through 11¢4-in. 
choke, under 550 lb. tubing pressure and 950 lb. casing pressure. 

Fourta Sanp.—A fourth and deeper Frio sand for this field was 
opened in May by Renwar Oil Company’s Mrs. M. 8. T. Kenedy No. 
2-B, which cored gas, distillate and oil sands at 6430 to 6456 ft. On 
completion this well flowed 50 bbl. of 28° gravity oil on an 8-hr. test 
through 549-in. choke. Pressures were 780 lb. on tubing and 1150 lb. 
on casing. 

Firta Sanp.—Another level in the Catahoula was proved productive 
in September by Carlos Oil Company’s F. J. Smith No. 1, sec. 420, when 
it flowed 85 bbl. of 24° to 26° gravity oil on a 12-hr. gauge, from perfora- 
tions at 4070 to 4075 ft. in sand at 4070 to 4080 ft. Flow was through 
34-in. choke with 375 lb. pressure on tubing and 550 lb. on casing. This 
well was plugged back to 4163 ft. from a total depth of 7511 ft. The test 
is important in that, besides being 2500 ft. east of the limits of the main 
Turkey Creek production, it was located on the downthrow side of the 
fault dividing Turkey Creek from the Saxet field, thus placing a consid- 
erable amount of condemned acreage back into the line of play. 

North Agua Dulce Field——Union Producing Company’s A. B. Sim- 
monds No. 1, 214 miles northeast of the Agua Dulce field, was completed 
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on March 8 to discover the North Agua Dulce field from Frio sand at 
4810 to 4834 ft. Flow of 60 bbl. of 48.2° to 52° gravity distillate, along 
with a high volume of gas, was through 14-in. choke, under 1820 lb. tubing 
pressure and 1900 lb. casing pressure, from perforations at 4810 to 4834 
ft. in casing set at 5478 ft. Total depth of the hole, before a plug-back 
operation, was at 8706 ft. This well topped First Oysters at 3660 ft., 
Discorbis at 3770 ft., Heterostegina at 3950 ft., Vicksburg at 6810 ft. and 
Textularia Warreni at 8521 ft. The producing sand showed saturation of 
1 to 3 per cent, and a porosity of about 30 per cent. Geophysics show. 
this area to be a rather large structure consisting of a domal anticline 
with faulting to the east. 

Riverside Field.—The Riverside field, 8 miles northwest of Robstown, 
was brought in by Seaboard Oil Company’s Ellen C. Wilson No. 1, 
which blew out on Nov. 26, at a depth of 6541 ft., ran wild, cratered and 
burned until Dec. 1, when it choked itself. It showed crude while burn- 
ing. This well had encountered a gas sand at 4213 to 4224 ft., sandy 
shale and shaly sand carrying oil odor at 4935 to 4945 ft., a gas sand at 
5242 to 5253 ft. and a gas sand at 6350 to 6378 ft., all in the Frio. 

Three wells previously drilled in this area, together with other 
exploration work, had indicated this structural high, which probably is 
a domal anticline. 

Stanolind Oil and Gas Company’s Clark No. 1, 3000 ft. southeast of 
the crater, and drilled simultaneosly, was completed through perforations 
at 4888 to 4893 ft. in Frio sand for a flow of several million cubie feet 
of gas daily through !1264-in. choke, under pressures of 1450 lb. on tubing 
and 1550 lb. on casing. Total depth was 7015 feet. 


New Sands in Existing Fields 


Agua Dulce Field—The 5300-ft. Frio sand in the Agua Dulce field 
was opened by Union Producing Company’s Torbett No. 1, when it 
flowed 480 bbl. of 40° gravity crude through 4-in. choke from perfora- 
tions at 5295 to 5307 ft. This was important, not only because of the 
discovery of a new sand, but because heretofore wells in this field have 
produced only distillate and gas. In November, a new shallow Frio 
sand was opened in this field by G. P. Sheldon’s E. H. Sands No. 1, 
which produced gas and distillate from sand at 4666 to 4675 feet. 

Clara Driscoll Field—H. M. Reed’s A. D. Holloway No. 1 produced 
103 bbl. of oil by artificial lift on a 6-hr. potential test to open a new Frio 
sand at 5333 to 5355 ft. This well had previously been abandoned at 
4388 feet. 

South Clara Driscoll Field —In March, a new sand at 5340 to 5367 ft., 
in the Frio zone, was proved productive by Wellington and Seaboard 
Oil Company’s L. M. Dugger No. 2, which flowed 8 bbl. of 36.2° gravity 
oil per hour through 3¢-in. choke from perforations at 5340 to 5367 ft. 
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This test missed the regular 3800 ft. zone but found other sands showing 
possibilities of production at 4648 to 4657 ft., at 4736 to 4748 ft., at 
5076 to 5090 ft. and at 5289 to 5305 ft. During the last week in 
September, Heep Oil Corporation and Refugio Oil Co. completed their 
M. Fogers No. 3 for a flow of 500 bbl. of 42° gravity oil per day through 
589-in. choke from a new Frio sand at 5450 to 5460 feet. 

Corpus Christi Field—J. K. Culton’s H. B. Baldwin No. 4, originally 
completed in the regular 4000-ft. sand, was deepened to 5761 ft., where 
it found a sand in the Heterostegina zone from 5157 to 5167 ft. Casing 
was perforated at 5159 to 5164 ft. and a flow of 131 bbl. of 36.5° gravity 
oil and 60 bbl. of salt water per day was obtained through 54 ¢-in. choke 
under 825 lb. tubing pressure and 1400 lb. casing pressure. Later develop- 
ments in this sand were disappointing. 

Luby Field.—Seaboard Oil Company’s No. 23 James Luby, in block 2, 
was completed during May in a new Heterostegina sand at 5171 to 5175 
ft. for a flow of 144 bbl. of oil per day through 1¢-in. choke. 

Saxet Field.—In April, in the southwest part of the Saxet field, Sultex 
Oil Company’s No. 1-B Taggart flowed 46 bbl. of 41.8° gravity oil on a 
6-hr. test from a new deep sand level at 6835 to 6841 ft., to revive interest 
in that portion of the Saxet field. Flow was through %,4-in. choke and 
under 1200 lb. tubing pressure and 1330 lb. casing pressure. 

On the west side of the Saxet field, Western Gulf Petroleum Company’s 
Isensee No. 4 was completed in April for a flow of 145 bbl. of oil through 
1g-in. choke, from perforations at 6464 to 6467 ft., to open a new sand 
level. Pressures were 1000 lb. on tubing and 1300 lb. on casing. 

A new and deeper sand was found in May by Richardson Petroleum 
Company’s M. Erigan No. 2, when it flowed 500 bbl. of white distillate 
and 3,000,000 cu. ft. of gas from perforations at 7315 to 7325 ft. through 
1-in. choke under pressures of 2300 lb. on tubing and 2500 Ib. on casing. 
This test was first completed in the 5800-ft. level but was deepened to 
7999 ft., where an electric test showed an almost solid sand body from 
7250 to 7390 ft. in the Frio. 

Deepest production in South Texas was found in October in this 
field by Richardson Petroleum Company’s Cain and Sechrist No. 24, 
which had an initial production of 175 bbl. of distillate and 3,000,000 cu. 
ft. of gas per day from a depth of 9927 ft. This well attempted to blow 
out at 9927 ft.; although the blowout was averted, the drill stem stuck 
at 9895 ft., where it was cemented. Production was obtained through 
the drill pipe through 3{g-in. choke, with a pressure of 3400 Ib. on the 
drill stem. This well, on the southeastern side of the field, is across a 
downthrow fault separating it from the main field’s deep production. 
This new level may be in the Vicksburg. 

Stratton Field.—In March, a new Frio sand was found in the Stratton 
field by Camp Production Company’s C. P. Wardner No. 4, sec. 16, in 
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the south portion of the field, which was completed flowing 163 bbl. of 
54° gravity distillate per day from sand at 6273 to 6300 ft. Flow was 
through 14-in. choke under 1900 lb. tubing pressure and 1975 cas- 
ing pressure. 


Extensions to Established Areas 


Agua Dulce Field——Union Producing Company’s C. L. Galladay 
No. 1 provided a north extension to the Agua Dulce field when it flowed 
an estimated 10,000,000 cu. ft. of gas and 36 bbl. of gasoline per day 
through 14-in. choke from perforations at 6730 to 6740 ft. Pressures 
were 2500 lb. on tubing and 2800 lb. on casing. Total depth was 8190 
ft. The field was extended 34 mile west by Union Producing Com- 
pany’s Perkins No. 1. This well produced 10,000,000 cu. ft. of gas and 
50 bbl. of gasoline per day through perforations at 4830 to 4850 feet. 

Flour Bluff Field—The first submerged completion on the South 
Texas Coast was provided in the Flour Bluff field by Sinclair-Prairie Oil 
Company’s State No. 1, which flowed 500 bbl. of oil daily through }-in. 
choke from perforations at 6653 to 6660 ft. in Marginulina sand. ‘Total 
depth was 6666 feet. 


San Parricio County 


East White Point Field.—The East White Point field was brought in 
on Feb. 24 by Plymouth Oil Company’s No. 1 Mrs. F. Brigham, 8 miles 
southwest of Taft and 2 miles east of the White Point field, San Patricio 
County. Sandy shale and sand carrying oil and gas show were found 
at 5627 to 5657 ft., and well-saturated sand was cored at 5657 to 5665 ft. 
in the Frio zone. On completion, this well flowed 216.6 bbl. of 38.3° 
gravity oil, through %¢-in. choke, under 950 lb. tubing pressure and 
1100 lb. casing pressure, through perforations at 5661 to 566414 ft. 
Casing was set at total depth of 5665 ft. This well found Base of 
Oakville at 3636 ft., top of Catahoula at 4085 ft., base of Catahoula 
at 4565 ft., top of Discorbis at 4636 ft. and top of Heterostegina at 4934 ft. 
This structure, a faulted and cross-faulted, domal anticline, is expected 
to cover a rather large area. ‘The discovery well also had shows in sands 
at 4976 to 4983 ft. in the Heterostegina, and in the Frio at 5029 to 5065 
ft.; these sands may prove productive elsewhere on this structure. The 
producing sand showed saturation of 2.6 to 4.8 per cent, and porosity of 
24 to 33 per cent. 

East Plymouth Field—On May 8, Humble Oil and Refining Com- 
pany’s Smith and Talbert No. 1 was completed for a flow of an estimated 
10,000,000 cu. ft. of gas from Heterostegina sands at 4808 to 4836 ft. 
through perforations at 4808 to 4810 ft. Flow was through 54-in. 
choke and under pressures of 1950 lb. on tubing and 2100 Ib. on casing. 
Drill-stem tests of this sand recovered several hundred feet of oil with 
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some salt water. However, because of mechanical difficulties, oil was 
not obtained on completion. 

Porosity of this sand ranged between 28 and 34 per cent, and cores 
at 4819 to 4820 ft. showed 5 per cent saturation. This well, which is 
probably on a faulted anticline, found the Heterostegina (Greta) sand 
about 100 ft. higher than the level at which the latter is found in the 
Plymouth field; since the Humble well is 134 miles east and downdip, 
faulting between these two areas is indicated. 


New Sands in Existing Fields 


Plymouth Field.—A new Frio sand in the Plymouth field was uncov- 
ered by Plymouth Oil Company’s E. H. Welder No. 95-C when it flowed 
180 bbl. of 40° gravity oil through 1-in. choke from perforations at 
6156 to 6159 ft. Pressures were 650 lb. on tubing and 1000 Ib. on casing. 
A sand carrying distillate showings was also found at 5855 to 5895 ft. 
by this well. 


Extensions to Established Areas 


Aransas Field.—¥Frank Grote’s Carlock No. 1, situated 14 mile from 
the city limits of Aransas Pass, was completed in October for a flow 
of 110 bbl. of 41° gravity oil on a 12-hr. gauge through 34¢-in. choke, 
from perforations at 7127 to 7133 ft. in Frio sand logged at 7111 to 
7143 ft. This was a one-mile southwest extension to the Aransas 
(McCampbell) field. 

White Point.—The White Point gas field was given its first oil producer 
in the completion of J. K. Culton’s No. 1 White Point Development Co., 
from Heterostegina sand at 4910 to 4961 ft. The well flowed 50 bbl. of 
oil daily through 549-in. choke. 
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West Texas Oil Developments in 1938 


By Prerer P. Grecory,* Memprr A.I.M.E., E. W. OwEnt anp Joun G. H. Crump, t 
Member A.I.M.E. 


(New York Meeting, February, 1939) 


A NOTICEABLE decrease in activity characterized the year 1938 in 
the West Texas area. The total number of wells completed dropped to 
2045 for 1938! as compared with 2806 completions in 1937,! a decline of 
27.12 per cent. This trend contrasts the sharp increase of 76.29 per 
cent in completions in 1937 over the 1936 total. Of 2045 well comple- 
tions during 1938,! 1788 were oil wells,! 16 were gas producers! and 241 
were listed as failures.1 During 1938 the ratio of dry holes drilled to 
oil-producing or gas-producing wells completed was one dry hole to each 
7.48 oil wells, which compares with one dry hole drilled to each 7.477 oil 
wells in 1937. Nearly 200 wells drilled during 1938 in West Texas were 
either wildcat or partly wildcat wells, an increase of about 25 over the 
year 1937, when approximately 175 wells drilled were so classified. The 
200 exploratory wells drilled represent about 10 per cent of the total 
number of wells completed. 

West Texas produced 71,257,541 bbl.' of oil in 1938 as compared 
with 75,743,000 bbl.? of oil in 1937, a decrease of 4,485,459 bbl., or a 
5.92 per cent decline. By comparison, West Texas produced 22.36 per 
cent more oil in 1937 than during 1936. In December 1938, the 9247 
producing oil wells in West Texas! averaged 22.08 bbl. per day per well 
as compared with December 1937, when 7571 wells! produced an average 
of 25.18 bbl. per day per well, or a decline in daily well average of 12.32 
per cent. 


DISCOVERIES 


No outstanding new fields were discovered in West Texas during 
1938, in spite of continued, active wildcatting operations. Several 
new oil-producing areas were found, however, the value of which is 
still unknown. 


Manuscript received at the office of the Institute Feb. 15; tables, April 14, 1939. 

* Chairman, Yates Pool Engineering Committee, Iraan, Texas. 

t Geologist, L. H. Wentz Co. (Oil Division). 

{ Assistant Petroleum Engineer, Department of Petroleum Economics, Chase 
National Bank, New York, N. Y. 

1 Oil and Gas Journal. . 

2U. 8S, Bureau of Mines. 
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Crockett Field—Crockett field was discovered on April 14, 1938, when 
Choate and Hogan’s No. 1 State University K lease, in sec. 17, University 
block 14, Crockett County, was completed in Permian lime at a depth 
of 1627 ft. The well was plugged back to 1575 ft. and produced 104 bbl. 
of 30.7° gravity oil on a 24-hr. pumping test. There were seven produc- 
ing wells in the field at the end of the year but no pipe-line outlet was 
yet available. 

Dean Field.—A small field was indicated in Cochran County with the 
completion of Wiggins and Lawson No. 1 Dean of Labour 26, League 92, 
Lipscomb County school lands. The completion was made in Permian 
limestone at a depth of 5077 ft. on March 16, 1938. Initial production 
was 332 bbl. per day through tubing on air lift. This discovery may 
possibly be an extension of the Duggan field. 

Dune Field—Dune field, about 2 miles north and west of the Church- 
Fields pool in Crane County, was discovered by Magnolia Petroleum Co. 
The discovery well, University No. 1, in sec. 16, University block 30, 
was completed for an initial production of 52 bbl. per day through 
tubing, from a depth of 3335 ft. in Permian limestone. The well was 
plugged back from 3672 ft. to shut off water. Five producing wells 
had been completed by the end of the year, with four wells drilling at 
that time. 

Emma Field—Emma field, in south Andrews County, was discovered 
in December 1937. Rhodes and Thompson’s No. 1 Emma Cowden, the 
discovery well, was completed on Aug. 3, 1938, in Permian limestone at a 
depth of 4200 ft. The well flowed 635 bbl. of oil through a 34-in. choke 
after being treated with 6500 gal. of acid. Six producing wells were 
listed in this field at the end of 1938. 

Payton Field.—Payton field, in Pecos and Ward Counties, was dis- 
covered late in 1937. J. J. Dorr No. 1 Payton, the discovery well, was 
completed in Yates sand at a depth of 2037 ft., flowing 39 bbl. of oil in 
the first 24 hr. through 2-in. tubing. Fifty-eight wells were completed 
during 1938 in this new field. 

Shearer Field.—W. H. Street No. 1 Texas Shearer was completed at 
1432 ft. for 100 bbl. of 32.9° gravity oil per day to open the Shearer field, 
in Pecos County, from the Pecos Valley sand, on July 20, 1938. The 
well was deepened in November 1938 to 1445 ft. and was shot from 1400 
to 1445 ft. with 50 quarts of nitroglycerin, which resulted in a flow of 
240 bbl. of oil during the first 12 hr. There were nine producing wells 
in the field at the end of 1938. 

Garza County.—A new oil-producing area was discovered late in 
December 1938 in Garza County, where Gulf Oil Company’s No. 1 
Swenson was reported to have found four pay zones and was tested in 
the fourth zone at 7327 to 7334 ft. and flowed 150 bbl. of 36.7° gravity oil 
in 9 hr. The well was still testing at the end of the year. 
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TasBLeE 1.—Oil and Gas Production in West Texas in 1938 


Area Proved, | Total Oil Production, Bbl. 
Age 
Years 
‘. to 
County, Field End 
of 
1938 Oil Gas¢ | To End of 1938 | During 1938 
E 
Z 
q 
=) 
1 | Andrews: Deep Rock (Walker-Fuhrman)................- 8 4,370 0 2,024,403 527,025 
2 PRAIA Bitte eicjetvo sion teiehe te canes tata cs loan eee 2 640 0 45,950 43,679 
3 Meander otitis sete ciee a ret cicen aac teed 4 10,240 0 .2,259,070 774,965 
4 tool Sa has eieieceere Peau cle aloes mend Mie tes pies eae aha 4 160 0 48,667 11,243 
BS aAPINIK. Se roe heii enc cos ia ae ae ne te 0 40 0 y y 
6 Shafter TiakOs. o8c 6 ons ead crc ce eth tek tbe teers 0 0 40 0 0 
7 | Cochran: ee SORE OR non hees Oe canton an Stroticnr side 0 40 0 y y 
8 PUG EAT Ss esa crcrie kotha ipene rake e/a ere sebel ener ese Mente 2 4,000 0 0 0 
9 pith, mane Church-Fields-McElroy-McClintic.......... 13 13,500 0 | 108,572,882 3,667,195 
10:| Cranes Dunes. 55s. scl iets Sek extae Cianihe teals SePRERE > 0 0 2,388 2,388 
ll Band Ailisi(Permian) 424i caetee fudcnuie cea 8 3,380 0 923,606 378,552 
12 Sand. Hills (Ordovictan)i-,.cov. tlatie dies aiy acleeee temas 3 500 0 184,844 73,466 
43 \ Croekall? Crockett. ..5 cic UR eet Eres sins naleae cos 1 y 0 8,631 8,631 
14 World-2owells\c 3... vi. tsray cipmncins cus eectem act late 13 2,000 0 6,268,485 302,979 
15 | Dawson: ns BEA PR tote ear ee dane ore eee nee 2 160 0 753 0 
16 bhi Ts Reiter tartare path Same yes ae, Ben Seren | a 40 0 2,039 0 
17 | Ector: Addis (SiCowden): casos fev dees sie sete tieters 6 1,500 40 875,480 97,413 
18 Cowden (N;'Cowden)% 1.0.0: seas eee oerucee cs etrceee 8 9,500 0 9,290,320 2,409,890 
19 ROSHELS aon era ae Plo eat ae ech ae a ick etree 3 7,000 0 2,764,842 1,825,048 
20 Goldsmatthtss. cn sune ects terete staltvec atte pte etine 4 40,000 £ 9,195,168 5,394,979 
PL) SaPBIDOL, Ascent ema nia heh cteas satus Sebet oie 5 4,500 0 3,115,094 2,758,382 
22 Lantroticd OBDAOB 6h cata ten Skane caters aeids 4 40 0 51,811 13,436 
23 | Ector-Crane: Penn-Jordan-Waddell...................05. ll 16,500 0 21,271,540 2,389,848 
24 | Gaines Landreth-Kirki 5. ca. icj.saeiocus hk camels oes 2 40 0 1,500 0 
25 DOIN GIGS a7) mick heart ne oe ane ceaianeny caaniterere t 2 5,000 0 153,497 125,442 
26 | Gaines-Yoakum: Wasson-Denver........ 2... 66000 e eee ee 2 40,330 0 2,170,151 1,980,178 
27 1iGaneas tamerald (Gargs) oi a, ciictie castes sce wrcemisans eretad 14 320 0 89,618 13,308 
98'! Glasscock: Dodson-Dulfy se foce. cs don ane Bacolee eee aonses 2 160 0 9,361 6,337 
29 | Glasscock-Howard: Chalk-Roberts!...............00000005 13 21,700 0 82,620,287 5, 132) 948 
30 TA004 006 DAY ce Senna cele an cancer atorncn erudite 12 1,700 0 1 1 
31 1700-foot' nay. Mint Bre cok hate ceca dace ce eae treats 13 4,000 0 1 1 
32 B200-LO0U DAY org.cn cacti ward aeeite i mca nica bate 10 8,000 0 1 1 
33 2500-foot pay...........0005 Seager Maine cregeeincase heres il 2,000 0 1 1 
34 S000font pay~ «ahs ar iia aaencdesacmaenuiins umouals 11 6,000 0 1 1 
86; | toakteys Slasightor. ics «eens ne on eterds tie alae acu a/atets aka Sele ote 1 13,000 0 155,792 145,517 
86 Howard: laten-Denman si. ste sas ara hs atenaluse ve ary 13 6,500 0 9,981,331 2,207,761 
37 Mloorentn. ¢ tur iele seca ative ced onenar state alse chen saccl oats 0 640 0 y 1254 
SR Leon? ION iCGin cs vey cae a.c Case A Neuer Matton cantik kee tre 9 340 0 126,059 6,276 
SO: Lotwngs Mason (Kyic),.. .vipenen er ceccsme dene seine Read 2 260 0 209,889 121,329 
40 NU ROA ES ciate face F ciara aucticcnse a erele ayatirer Go aah Sev ata TOI 13 4,500 0 7,379,301 457,636 
Ali RAPER OTESW Oat bP OOM ashi. aleraicis'eitis wv ok DUARTE ehtolttn a prareo% 18 4,000 0 8,673,579 267,008 
Az Pecons Mastersin es kisu gem witne sea) sacecisiarateiete ce stony 9 640 0 704,982 192,170 
43 MOK nme. fio2 ace oitals spree cote SiR Ove Aorn Once ANI oe 3 160 0 2,447 0 
44 IN BUCO VILA tc Fe cinerea tava atte etre emt Win sie Oa 4 1,600 0 244,511 82,971 
45 Pacon Valley nc neta mete pite «ors Meter et ersk cinta 10 3,200 80 1,063,456 254,376 
46 EGON PACH ETS! nen acc och oleui: ott tet nee 10 160 0 27,529 300 
47 ARORA dain cnstis conse ad stat denned aR Rate 0 y y 72,163 72,163 
48 IRGDARR St AeA Noah caer hiide tne mea de ekee 9 1,200 0 5,238,561 615,840 
49 Taylor Link CBRATULY rs sterstoe aos erciatete ch ie temo eee 10 450 0 514,291e 21,000 
50 TaylorsLink (Dims) .isstisien sic wicitsate sh eiteaiew een Waid 10 1,620 0 4,679, '547¢ 444,338e 
51 White: & Bakeracamccccnk ha ocondmaehi leer notien' 4 320 640 7s 563 4,467 
52 MV BtCH (OANA) Pnrecca. sari setrrracaie vietnam ORL are eae aT 5 700 0 347,094 43,981 
53 Yates (hima). sssowve stecsccaee Gheraarh ten on 12 20,000 0 | 239,664,668 6,728,426 
64) Pecpe- Ward: Payton va, hon (ocd oy cee ses wae sphe aang 1 2,200 0 291,292 291,292 
55 | Regan: Big Lake (2400-ft. pay)..........00.eecee serene ee 15 275 0 2 2 
56 Big Lake (BO00-f3 pay) wee ane wt natets huite eee, 15 3,000 0 2 2 


Footnotes to column heads and explanation of symbols are given on page 240. 
1 Production totals for all pay zones included under field rene 
2 Included under Big Lake Ordovician because no separate records are available. At end of 1937 the 2400-ft. and 3000 ft. 
pays had produced 62,161,859 bbl. combined. The Ordovician had produced 25,698,390 bbl. at end of 1937. 


lems op. 


~~ we 


PETER P. GREGORY, E. W. OWEN AND JOHN G. H. CRUMP 


TaBLE 1.—(Continued) 


497 


Total Gas Produc- Osiscoductea Method 
ag cee Number of Oil and/or Gas Wells ph End of 1938 s Pressure, Lb. per Sq. In.¢ 
oe At End of 1938 Number of Wells Average at End of 
foRed of | During : Taitial 

a 938 1938 = 2 nitial 

s $3 So ee 

g Sa 3 8 oo bo Miscel- - 

5 oS a 6 | 6 3 4 bo @ | laneous 1987 1988 
a ipa (peta oo 5 Se ce here, 

© == 3 3 

fe) Jes) S| 2 £ z aS} | 

4 .) Oo |= a a | m& | a 

1 x x 52 21 0 51 0 41 10 0 e1,800 x y 

2 z c 9 8 0 9 0 9 0 0 e1,555 Ey 2 

3 2,500 1,025 76 22 0 73 3 47 2 G24 e1,900 e1,611 e1,607 

4 0 0 2 0 0 2 0 0 2 0 y y y 

5 0 0 1 i 0 1 0 1 0 1 y y y 

6 y y 1 i 0 0 1 y 0 y 

7 y y 1 1/ 0 0 0 1 0 0 a x @ 

8 0 0 8 5 0 8 0 5 3 0 1,100 1,100 700 

9 y y | 474) 34] 1] 473 0 | 129 | 334 10+ 725 y y 
10 x L 3 3 0 3 0 1 2 0 740 740 
ll 900 y 49 13 0 49 0 44 5 0 2,100 y 1,822 
12 x y 6 2) 0 6 0 4 2 0 y y y 
13 x x y 8} 0 8 0 0 8 0 y y y 
14 x 2 64 2 0 42 0 0} 42 0 £ < y 
15 x 0 2 0 y 0 0 0 0 0 z x y 
16 x 0 Pie? Outed 0 ol eae 0 y y y 
17 x x 17 22 12 0 7 6 0 a x x 
18 34,212e | 7,712 226 | 45] 0 226 0 | 205 19 y 1,740 1,340 1,330 
19 1,710e 1,110e 205 | 120 0 205 0 99 | 106 y 1,521 (i z 
20 y | 10,057 | 606 | 244] 0) 602 | 4 | 576] 10] {gist | 1,675 1470 | 1,431 
21 z fre 183 | 161 0 183 0 141 37 5 900 y y 
22 z = 2 0; 0 2 0 0 2 0 x £ x 
23 y ¥ 309 83 0| 307 2 y y ay y y y 
24 0 0 1 0 0 0 0 0 0 0 y y y 
25 3,253 1,753 9 6] 0 9 0 10 0 0 2,000 1,936 1,908 
26 eS y 152 | 131 0 152 0 146 5 1 2,050 x y 
27 x x 8 0; 0 8 0 0 8 0 x x x 
28 | fr % 2 0,50 2 0 0 2 0 x © x 
29 x fr 828 | 45 | 0] 828 0 0 | 828 0 See data for pes pay depths 

elow 

30 x x 272 2 0 | 8 272¢ 0 0 | 272 0 z a3 z 
31 7 ie 59 0 0 59 0 0 59 0 2 = x 
32 x x 49 6 | 0 49 0 0; 49 0 2 a z 
33 |: x x 283 18 0 283 0 0 | 283 0 x x x 
34 x x 165 | 25 0 165 0 0 | 165 0 x z fer 
35 y y 15 12 1 14 0 14 0 0 y y y 
36 x zr 250 18 0; 250 0 8 | 242 0 x - Pa 
37 z x 6 EAL ed 6 0 y y y y y y 
38 x y 17 On 8 9 0 0 9 0 x x y 
39 | Fuel for drilling only 8 30 8 0 if 1 0 oD x Pd 
40 a x 799| 2| y| 7% o | 53| 14 \g 3} 1,650 750 673 
41 £ z 136 0 | 29 95 0 0 96 0 1,000e y y 
42 x £ 27 5B) 0 23 - 0 y y y x x y 
43 z 0 4 0} 0 0 0 0 0 0 x z x 
44 oh y 20 5 0 20 0 y y y x fi y 
45 x y 125 56 | 0 110 0 y y y x x y 
46 Fd & 3 0 0 0 0 0 2 0 x x z 
47 |. y y 13 13} 0 13 0 13 0 0 y y y 
48 x x 203 Gil 0 208 0 0 | 208 0 x x y 
49 & x 10 0 i 9 0 0 9 0 x & P 
50 Ey x 64 6} 3 60 1 1 59 0 e E 2 
51 Ey y Hh 3 i 3 1 3 0 0 900e x y 
52 £ x 10 0 0 10 0 0 10 0 100 ra y 
53 | 115,063 1,458 552 10 1 549 6 518 | 29 5 700 535 533 
54 363e 363e 57 | 877 0 57 0 57 0 0 750e y y 
55 & x 21 0; 0 0 0 0 y 0 x x x 
56 x x 261 Onl .0: 198 0 0 | 198 0 y y y 


: 


498 


WEST TEXAS OIL DEVELOPMENTS IN 1938 


TaBLE 1.—(Continued) 


19 


a4 
DASAP OW MOOCHNISEPwWre | Line Number 


Character of Oil, : 
Approx. Average Producing Formation Bee i 4 Phone 
during 1938 
; Depth 
Gravity A.P.I. Toner 
° ge 
at 60° F. mi hin 
od ee 
Oo 
Name Agee £ 2\so gm Name s 
eee a8 r=] = 
Weighted SE les! a]. |S5] 4 i 
Average qeleal| s|Pia 2 5 3 
6s/o8| 8 | wIBs| 8 3 
$3 \52| 3/6 135| £ Fy 
aris?) 618 |a7| a a 
z Big Lime Per | 4,625 4,350} D | Por} 25 A | Permian lime 5,088 
34.6 Big Lime Per | 4,225) 4,190} D | Por| 25 A | Permian lime 4,342 
29 Big Lime Per | 4,535| 4,475} D | Cav) 20 A_ | Permian 5,227 
29.5 Big Lime San Andres Per | 4,790| 4,627) D |Por| 5 | MC | Permian (San A)} 4,814 
27 Big Lime Per | 4,526 y| D |Por| y A | Permian 4,526 
Yates Per | 2,952 vi vi ly y y | Permian 2,952 
30 Yates Per | 5,077 vi y ly y y_ | Permian 5,077 
30.6 Big Lime San Andres Per /| 5,060) 5,000} D |Por| 65 | MC | Permian 5,098 
32 Big Lake Lime Per | 3,000; 2,800} D |15+] 75 A | Ordovician 12,786 
36 Big Lime Per | 3,270 3,155) L | Por| 36y | z_ | Permian 3,503 
35 Big Lime Per | 4,421) 4,299) D |Por| 50 | AD | Ordovician 6,450 
46 “Simpson” Ellenberger Ord | 6,100 5,950) DS | Cav| 18 | AF | Pre-Cambrian 7,158 
30 Big Lime Per | 1,538 y| DL | Por| y y | Permian y 
29 Big Lime Per | 2,550) 2,450) DL | Por| 13 A | Ordovician 8,830 
31 Big Lime Per | 5,038|4,970} DL | Por} y A | Permian 5,055 
37 Delaware Per | 5,100 y| S |Por}] y A | Permian 5,100 
32 Big Lime Per | 4,350 4,000} DS | Por| z A | Permian 4,627 
34 Big Lime Per | 4,350) 4,000) DS | Por} 40+} A | Permian 4,971 
36 Big Lime Per | 4,310) 4,100; DL | Por} 35+| A | Permian 4,517, 
36 Big Lime Per | 4,225) 4,150) D | Por} 70 A | Permian 4,509 
37 Big Lime San Andres Per | 4,200) 4,000} D | Por|120 | MC | Permian 4,518 
36 Big Lime Per | 4,166 4,100} DS | Por} 30 A | Permian 4,166 
36 Judkins pay Per | 3,600, 3,450} D | Cav} 40 A | Permian 4,002 
27 Big Lime Per | 4,850) 4,796] DS | Por} 50 A | Permian 4,870 
37.5 Big Lime Per | 5,050) 5,005 L | Por} 50 A | Permian 5,116 
34 Big Lime Per | 5,054) 4,880} L |Por| y A | Permian 5,346 
39 Big Lime Per | 2,510/ 2,000} SL | Por} 10 A | Permian 4,801 
y Big Lime Per | 2,664| 2,632) DL |Por| 4 D | Permian 3,247 
See data for separate pay depths below Ordovician 10,960 
33 Yates sand Per | 1,400! 1,280} Sd | Por} 20 | A | Ordovician 10,960 
32 “*1700-ft. pay” Per 1,750; 1,650} SS | 22 | 20 A | Ordovician 10,960 
27 **9200-ft. pay”’ Per | 2,300) 2,150} L | Por} 30 A | Ordovician 10,960 
28 “2500-ft. pay” Per | 2,600) 2,500} L | Por} 30 A | Ordovician 10,960 
30 **3000-ft. pay” Per | 3,000; 2,800} L | Por| « A | Ordovician 10,960 
32 “Duggan Pay” Per | 5,000 4,900} D | y | 50 | MC} Permian 5,621 
27 Big Lime Per | 2,800, 2,450} DL | Por| 50 A | Permian 4,220 
y y Yv 3,400) 3,200 & y y Ye Tey y 
39 ates sand Per | 1,410) 1,400 Por| 10 M | Permian 3,972 
39 Delaware 8.8. Per | 3,953/ 3,931] Ss |Por| 5 T | Permian: 4,165 
38 Delaware sand Per | 4,304) 4,297} Ss | Por} 7 | MC | Delaware 5,088 
24 Big Lime Per | 3,000) 2,800} DL | Por| 50 | MC | Pennsylvanian 5,250 
28 Pecos Valley sand Per | 1,400) 1,200} Ss | Por} 5 M | Permian 1,675 
y Yates sand Per | 1,378| 1,338} Ss | Por} 10 T | Permian 2,800 
34 Yates sand Per | 2,300) 2,225} Ss | Por| 15 A | Permian 2,459 
31 Yates sand Per | 1,600) 1,300} Ss | Por} 15 A | Permian 2,550 
24 Yates sand Per | 1,400/ 1,385} SH | Por} 25 A | Permian 4,375 
35 Pecos Valley sand Per | 1,465) 1,415] Ss |Por| y y |y y 
19 Tobarg sand Cre 445} 400} Ss | Por} 20 AL | Permian 1,400 
28 Yates sand Per |1,016} 970) S | Por| 30 AM a y 
30 Big Lime Per | 1,675} 1,630) DL | Por} 15 A | Permian 2,185 
31 Big Lime Per | 1,700) 1,650} Ds | Por| 10 A | Ordovician 9,811 
32 Yates sand Per {1,100} 900} Ss | Por} 15 | AL | Permian 1,852 
30 Yates Lime Per | 1,450) 1,310} DL | Cav/100 A | Permian 1,938 
37.5 Yates sand Per | 2,050} 1,950} Ss | Por |100 A | Permian 2,102 
35 Big Lime __ Per | 2,500] 2,375} Ss |Por| 40 | A_ | Lower Ordovician] 9,562 
36 Big Lake Lime Per | 3,000) 2,960} D | Por} 60 | AD | Lower Ordovician] 9,562 
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EXTENSIONS 


The greater number of wells completed in 1938 in West Texas were 
in field extensions and their development. 

Slaughter field, Hockley County, was extended to the east by the 
drilling of Gulf Oil Company’s well No. 2 Mallet Land & Cattle Co. in 
Labour 25, League 34, Concho County school land. The well was 
drilled to a depth of 5090 ft. and plugged back to 5070 ft. where it tested 
200 bbl. of oil per day after shot and acidization. The Texas Company 
well No. 1B Mallet, in Labour 1, League 52, Scurry County school land, 
extended the field to the west when it made 179 bbl. of oil in 24 hr. on a 
production test through 214-in. tubing on 5<-in. choke after shot and 
acidization from total sees of 5035 ft. Sid Richardson No. 1 Bob 
Slaughter in Labour 59, League 39, Maverick County school land, 
extended the field to the north, when it established a potential production 
of 486 bbl. per day. Total proven acreage in the field appears to be 
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Area Proved, | ‘Total Oil Production, Bbl. 
Age. 
Years 
y, Fi to 
County, Field End 
of 
1938 Oil Gas | To End of 1938 | During 1938 
. 
E 
a 
oO 
3 
57 Big Dake: (Ordovician)\,.\ ji... «. «neces adele aecaeee 10 1,300 0 90,296,628 2,437,649 
58 BUREN HOM ee ioe EIEN boss Aenea ere oS MeO LVines ware 10 640 0 563,317 44,546 
Sim PCE DER eal OVEN ser tall ar dee insctnais iors Were aes perene velo eoee « 19 640 0 6,500 0 
GOW Seurrys dra-North west: ..0.. 0 s..ccc cence cess ertee vadeees 14 640 0 126,550 13,486 
Upton-Crane: McCamey-Hurdle 
61 Herrington, Crane, Cowden............ceseeeeesees 13 20,000 0 44,554,205 5,813,496 
62 Cordova-Union (Webb-Ray).............2-seeeeeres 3 160 0 31,441 8,278 
BOREHV Gna col) OD DSeareies Ctaetal ae tasters Siew othe aay /actagpiarstemo rete both ie 2 40 0 13,113 2,510 
64 BS tOs mene ie eth sts aheiiten wii aus sleac-c wi etimec 3 5,000 0 5,812,349 2,449,431 
65 LOE OD etch tte Toe ie iar can eih ene Heme ety a. Spee 8 40. 0 546 8,266 
66 Ward) Coun by Se erteer ac alter maser eres since oe 10 36,000 1 Oe 47,842, so) 9,032,000 
67 SHiploy aercre ire are isi Care al seer sevav wictein sees eiele cate eco choners 9 2,500 476,750 
GSileerinlen Bashara® Je Seer et, ose tietcis.srsye ofera: a eres ci staeyareussetesy ei eia 
69 Winkler: IMCL OE cetocevere santa telecine leds ores Lieve. « (ols Fiery . 3 1,560 170 1,282,882 461,293 
70 IEC eae Ss da ROCIO SOR oe ace aici samc 4 820 0 y 165,801 
71 VEG yote bute oye ey Ste OS CEN A ann enn ee oR eae 12 11,040 160 | 192,546,384 4,046,916 
BNET cridersoi) AR Mee ee eee eee es 3 2,600 0 2,571,134 1,022,825 
B pon ie Rare ca TONS GU LONE Ste ees rel eneieral shes SATE eiaunrase 10 18,260« z 17,689,706 5,683,705 
Peer te uvtcas oe 7aictel dheiatean «8s hwiniesete nvehant 3 6,000 0 2,684,477e5 | 1,009,317e 
RE i a er eee 11 | ’960 0} Saaoioa” | 27024 
Ge itera toa kates MRR S OE 12 1,920 0 ; F 
CR ee ier gaeerae) Mac Woe.” yo caadoes 
78 | Yoakum: Beaaott Fave the Pek AIS SE lo EHTS CIC CRT 2 2,240 0 947,194 828,732 
79 Bohago-Bond (West Pool): ...c.....+ 00sec ce eeee es 1 0 0 6,639 6,139 


cope ee Se ee ee ee ee ee 
3 Includes both North Ward and South Ward fields. 
4 Became part of Keystone-Colby sand field on Noy. 1, 1938. 
5 Includes Bashara cumulative production. 
6 Includes Keystone ‘Colby sand” production, 
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about 11,000 acres with 12 producing wells in the field at the end of 
the year. 

Seminole field, Gaines County, was extended approximately 314 miles 
north and northwest by the completion of the Osage Drilling Co. well 
No. 1 Riley in sec. 249, and definite assurance of oil production in Adams- 
Bradley well Crain No. 1 in sec. 216, block G, W.T.R.R. Survey. One 
mile extension to the east was provided by Amerada Robertson No. 1 in 
sec. 196. These extensions indicated total productive area of the field 
to be more than 5000 acres. There was no pipe-line outlet in the field 
for the nine producing wells at the end of the year. 

Ector County led West Texas in completions and locations, greatest 
development being in the Goldsmith, Harper and Foster pools, which 
accounted for a combined total of 520 new producing wells during 1938. 


ORDOVICIAN EXPLORATION 


A decline was noted in the number of wildcat tests drilled in West 
Texas in search of Ordovician production in 1938. During the preceding 
year 12 such tests were made as against 7 in 1938. Outstanding 
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Total Gas Produc- c “| 
pak bg ea Number of Oil and/or Gas Wells so ep arc ’ Pressure, Lb. per Sq. In.¢ 
. Ft. 
oe At End of 1938 | | Number of Wells Average at End of 
To End of | During <i ate 
gz] 038 | 188°! oe 2 | 3 Initial 
> Boy 3 z 
a1 M |- 
5 Fea toy Poh es wer | 308 
a ia aly =] =I a ‘a 
E Bee l4| 2 |Elele 
A 5 o|a a on | 
57 y 7] 24 0; 0 13 0 10 a 2 3,600 
58 c 7] 5 0 0 5 0 0 5 0 x : : 
59 x 0 35 Ory 0 0 0 0 0 x 0 0 
60 % y 10 0; 0 9 0 0; 10 0 x x 7] 
61 x « 985 | 154 7 | 968 0 3 | 965 0 z Fd z 
62 x y 5 2) 0 4 0 0 4 0 z x z 
63 z 2 2 Oa 1 0 0 1 0 x bd x 
64 £ y 300 | 68] 0} 298 0 | 284} 10 2 S e1,100 e1,000 
65 x a 1 0; 0 1 0 1 0 0 Ff x y 
66 2 x 1,460 | 190 y | 1,4462 14 y 7] y 2 2 r 
HA 2 x 97 x 96 1 Lise: 2 x y y 
69 x x 73| 17| y| 70 So edule 0 1,300 y y 
70 x c 26 Ow 25 1 18 7 0 1,235 e1,050 e 900 
71 y y | 631) 2/14] 36.7] 3 | 15 | 270 { Ga \ e1,600 eens 
72 2,100 y 126]; 18] 0} 126 O23 3 0 1,450 1,308 y 
73 31,600e y 904 | 117} 0 889 14 798 88 3 1,450 931 806 
74 iz 2 100 | 27) 0 100y 0 90 10 0 2,000 7] y 
75 7] y 16 Ow 3 8a 0 0 0 7] 100 100 
76 z y 124 27 | 0 124 0 85 | 39 0 1,200 y y 
Blo EL EA BL GE alt ae dali alata 
0 1 0 0 

79 0 0 il 0; 0 1 0 Z : 
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among the Ordovician tests to be abandoned was Magnolia Petroleum 
Company’s No. 1 McKee, in the Imperial area in northern Pecos County. 
This well was carried to a total depth of 6267 ft. in the Ellenberger 
limestone, where sulphur water was encountered. The well was con- 
sidered promising for production, inasmuch as some crude oil was actually 
recovered on formation tests higher in the Ordovician section. 

It appears that oil operators consider northern Pecos County as most 
promising for Ordovician discoveries and several new Ordovician tests 
are under way at the present time in that area. 


PRIcES FOR CrupB OIL 


Crude price changes in West Texas were made effective on Oct. 11, 
1938. Humble Oil and Refining Co. announced a change from its pre- 
vious schedule of $0.78 per bbl. for all crude below 26° gravity, with a 
$0.02 differential per degree, with top price of $1.08 for oil of 40° gravity 
and above, to a price of $0.53 per bbl. for crude of 20° gravity, with a 
$0.02 differential per degree upward with top price of $0.95 for 40° gravity 
and above, an average decline of 13¢ per bbl., or 12.037 per cent. Mag- 
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Character of Oil, Se ‘ 
ae Producing Formation er a aed 
‘ Depth, 
ry AE. ronGa 
2 i in Feet 
3 3 = 
a Name Agee & 2 i 2 ge Name 2 
a g 
2 Weighted SE [as Slee el og a 
5 Average I g as 2 =) 3m| 3 
é gejes| § | 8 iEs| = 4 
x S308] 8 5 BE E o 
a Ayia | 5 |e |e A fa 
57 44 Ellenberger Pen | 8,900) 8,200} L |Por| z D_ | Lower Ordovician] 9,562 
58 32 Big Lime Per | 3,100) 3,050} DL | Por} y D_| Mississippian 9,967 
59 Oy Big Lime y 100} 100) y | y y | MC | Pennsylvanian 5,250 
60° 25 Big Lime Per | 2,895] 2,320] DC | Por| 25 A | Permian 4,528 
61 28 Big Lime Per | 2,300} 2,250} DL | Por| 30 A | Permian 4,610 
62 25 Big Lime Per | 2,150} 2,060} DL |Por| y A | Permian 2,176 
63 y Shipley-Hazlett Per | 2,570] 2,555] Ss |Por| 6 y | Permian 2,600 
64 35 Estes sand Per | 2,950) 2,450} Ss | Por| 15 A | Permian 3,000 
65 29 Delaware sand Per | 4,675) 4,665} S |Por| 4 T | Permian 4,692 
66 36 O’Brien sand Per | 2,700) 2,500} SD | y | 50 | ML | Permian 4,825 
67 32.0 Shipley Lime Per | 3,100) 3,075} D | Por} 10 A | Permian 4,400 
80 F 33 O’Brien sand Per /|3,100| 2,833} Ss | Por| 40 | Ac | White Horse 3,145 
70 30.5 O’Brien and White Horse | Per | 3,200) 3,100} Ss | Por} 22 Ac | San Andres ? 3,855 
71 28 Big Lime Per | 2,900) 2,600) D | Por| y A | Permian y 
72 30 Big Lime Per | 3,075) 3,025} DL | Cav} 30 A | Permian 3,450 
73 34 Poman sand and sandy| Per | 3,050) 2,825} DL | Por} 10 A | Permian 3,414 
lime ; 
74 37 Big Lime, Yates sand Per | 3,500) 3,200) L-S | y | 30 | A-D | Permian 4,463 
75 28.1 Big Lime Per | 3,100/ 3,000} DL | Cav| y A_ | Permian 3,780 
76 35.0 O’Brien sand Per | 3,400) 2,860; Ss | Por) 35 | MC | Permian 3,565 
ifiv 35 O’Brien sand Per | 3,200 3,100 D,S 20 A ‘| Permian 3,500 
78 31 Big Lime Per | 5,260 5,050} DL | Por| 45 | MC | Permian 5,255 
79 yor 5,168 
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nolia Petroleum Co. posted a crude-oil price schedule almost identical 
with that of the Humble Oil and Refining Co., the exception being that a 
price of $0.63 per bbl. was quoted on gravities below 25. The Texas 
and Shell companies followed Magnolia Petroleum Company’s postings, 
except that the top price was $0.87 per bbl. for all crude oil of 36° gravity 
and above. 


CONCLUSIONS 


The allowable set for West Texas for December 1937 was 6,071,184 
bbl. for 7571 wells,? or an average daily allowable per producing well of 
25.87 bbl. per day. In contrast, for December 1938 an allowable of 
6,538,367 bbl. was set for the 9247 producing wells,® or an average daily 
allowable of 22.80 bbl., a decline of 11.47 per cent. If West Texas is 
allowed to produce 70,000,000 bbl. of oil during 1939 and as many as 
1200 new wells will be completed during the year, the per-well per-day 
allowable should drop to approximately 18 bbl. by December 1939. It 
is apparent that some form of curtailment of drilling operations must 
be made in West Texas to prevent the per-well per-day allowable produc- 
tion dropping below the economic limit. Wider spacing in proven 
fields with a consequent reduction in the number of wells drilled is the 
most logical step to be taken. 
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Oil and Gas Development in Utah in 1938 
By C. E. SHornreit,* Mremserr A.I.M.E. 


THERE was very little oil activity in Utah in 1988. <A few wildcat 
tests were drilled and the well at Cane Creek, started in 1937, was in 
active operation, but failed to reach its objective by the close of the year. 

The Clay Basin field in Daggett County, northeastern Utah, was 
extended about a mile east by the Mountain Fuel Supply Co. with the 
completion early in June of No. 3-D Murphy, NW. NW. SW. of sec. 
23-3N-24 EK. This well had an initial production of 16,000,000 cu. ft. 
of gas a day under 2160 lb. pressure, from Dakota sand at 5918 to 
5925 ft. after plugging back from a total depth of 6035 feet. 

The Clay Basin field, in the few years it has been in operation, has 
developed into a gas field of major importance. Approximately 1300 
acres has now been proved by development. Six wells are on production, 
five of which were completed in Dakota sand and the sixth in a sand in 
the Frontier formation. The field was connected to the Salt Lake line 
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Oil Produc- 
. Total Gas . 
Area Total Oil : . tion 
Proved, Production, P pe Mamba 8 cee Methods at 
Acres Bbl. Cu. FL we : End of 
cee 1938 
Be At End | Number of 
2 8 1938 of 1938 Wells 
Field, County S = 
: D Are ee 
ur- ur~ 
| Oil | Gase | TorEeal ing | esas | ing, | 
7 e 0 1938 | 1938 | 9 
z g 3 3 g wp 2 Pumping 
3 - % eels. (Be 
: : BE ales\ed 
“| 2 3 Oe |eC le 
1 | Ashley Valley, Uinta......-... a3 240 21,597) 5,897) 5 | 0) 0 2: 
QPRCISCO; GFANG cece ots ec la. 14 2,000 31,280 0} 131} 0} 0 
3 Clay Basin, Daggett........... it 2,800 58,301) 37,086) 7 | 1} 0 6 
4| Farnham, Carbon............. 15 600 15,258} 488] 2 | 0] 0 1 
5 | San Juan, San Juan.......... 29 | 160 129 | 0) 0 
6 | Virgin, Washington........... 31 | 450 172,250} 2,000 75 | 1) 2) 15 15 
i HbObal Sct ete eeitaeine skys 610 | 5,640 126,436] 43,421/231 | 2) 2) 15 


@ Footnctes to column heads and explanation of symbols are given on page 204. 
1 Field abandoned and all wells plugged. 
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of the Mountain Fuel Supply Co. in 1937 by 21 miles of 10-in. pipe, 
which joins the main trunk line 25 miles northwest of Hiawatha. 
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Character of 
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to End of 1938 
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Oil and Gas Development in West Virginia during 1938 


By Davin B. Recer,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


EXPLORATION for new pools of gas in the Oriskany sand and continued 
exploitation of areas already known to be productive in that sand were 
the main features of petroleum activity in West Virginia during 1938. 
To a considerable extent the exploration program resulted in failure, 
but the extension of former areas was eminently successful. Through- 
out the state, in general, less drilling was done than in 1937. According 
to the West Virginia Department of Mines, only 631 permits to drill 
were issued, as compared to 1034 in 1937. The account of operations, 
as reported by trade journals and other sources, shows that 766 wells 
were drilled, resulting in 131 oil wells with 1609 bbl. of daily production; 
484 gas wells with 1,232,216,000 cu. ft. of daily open flow; and 151 dry 
holes. Several discoveries indicate new pools of oil and gas; and several 
extensions of old gas pools have been made. In spite of a decreased 
number of total wells, the figures for new gas and oil are both larger 
than in 1937. The new oil average is 12.3 bbl. per well per day; the 
gas average is 2,545,900 cu. ft. per well per day; the ratio of dry holes to 
completions is 19.71 per cent. 

No general attempt was made to discover new pools of oil. A con- 
tinued low price, coupled with reduced takings, combined to make drilling 
unattractive. The principal oil wells completed, by counties are: Boone, 
6; Calhoun, 10; Clay, 7; Gilmer, 5; Kanawha, 5; Lincoln, 7; Pleasants, 
13; Ritchie, 32; Roane, 6; Tyler, 7; and Wirt, 14. Production for the 
year, according to the Oil and Gas Journal, was 3,724,750 barrels. 

The leading counties in gas, with the number of successful wells in 
each, are: Boone, 16; Braxton, 13; Cabell, 47; Calhoun, 29; Doddridge, 
10; Gilmer, 55; Kanawha, 127; Lincoln, 18; Ritchie, 29; Wayne, 19; 
and Wetzel, 26. Production for the year is estimated as 150,000,000,000 
cubic feet. 

Pipe-line construction, which was extensive in 1937, was insignificant 
in 1938. Exploration was not as active as in 1937. Field prices of both 
oil and gas have severely declined. 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Consulting Geologist, Morgantown, W. Va. 
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GENERAL STATE OF THE INDUSTRY 


Exact figures regarding the amount of land under lease in West 
Virginia are not available through any public or private agency; an 
approximation of probable and improbable territory is 4,500,000 acres, 
with probable territory of 500,000 acres not held by leases. Proved and 
probable land is estimated at 750,000 acres in oil; 2,500,000 acres in gas. 
The writer estimates reserves of oil as 90,000,000 bbl. and gas as 7,000,000 
million cu. ft. These figures, those on oil in particular, vary considerably 
from estimates that have from time to time appeared in print. A 
recent estimate, for instance, gives West Virginia only 9,618,000 bbl. 
of oil reserve, although production for 1938 is tentatively placed at 
3,780,000 bbl. There is, however, abundant evidence to show that such 
an estimate is entirely too low. As of 1919, the writer made a careful 
estimate, with the conclusion that 200,000,000 bbl. yet remained. In 
the years 1920-1938, inclusive, the state has produced 109,312,000 bbl. 
with a gradual decrease through the years, except that from 1932 to 1938, 
inclusive, production has been stationary at slightly less than 4,000,000 
bbl. per year, reflecting a price that has been generally less than $2 per 
barrel. As of 1937, the technicians of a leading producer in West Vir- 
ginia, using decline figures from 1909 to 1937, inclusive, estimated that 
the presently productive wells, by presently productive methods, would 
produce 35,533,590 bbl.; and that the same wells, by repressuring, 
would produce 81,033,590 bbl. These figures, with a fair allowance for 
new production, check closely the estimates of the writer. 

Up to the end of 1938, there had been completed 62,839+ oil and — 
gas wells. During the year 131 oil wells and 484 gas wells were com- 
pleted, and at the end of the year 18,306+ oil wells and 13,417+ gas 
wells were active. Production was approximately: 


Average Average 
: Oil per Gas, Gas per 
Period Oil, Bbl. Well Millions Well 
Daily, Cu. Ft. per Day, 
Bbl. Cu. Ft. 
To end of 1938 406,562,000 6,353,458 
TOUT Ge tears aya Motes tna reer oa 3,845,0007} 0.56 149,0842 | 30,992 
Dring aL OSS o8 hasten ceomceua cee Rae tit 3,725,000" | 0.57 150,000° | 30,6380 


* Figures by U. 8. Bureau of Mines. ® Figures by Oil and Gas Journal. ¢Estimated. 


PRINCIPAL AREAS OF ACTIVITY 


In Barbour County, a small Benson sand (U. Dev.) well, about 2 
miles north of Volga, and 3 miles southeast of the territory heretofore ~ 
recognized as productive in that sand, may point out a considerable 
area of valuable gas. j 
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In Boone County, 27 wells were drilled, resulting in 6 oil wells with 
71 bbl. and 16 gas wells with 4,686,000 cu. ft. of new production. 

In Braxton County, a considerable southward extension of the Rose- 
dale gas pool has been proved. The new territory, centering about the 
village of Sleith, in Birch District, contains about 4000 acres, on which 
35 gas wells and 5 dry holes have been drilled. The productive wells are 
mainly in the Big Injun sand (L. Mis.) but partly in the Salt (L. Pen.) 
with average open flows of about 400,000 cu. ft. and average rock pres- 
sures of about 525 pounds. 

In Cabell County, 47 wells out of 49 drilled had gas with 13,134,000 
cu. ft. of new production. One well had oil and only one was dry. 

In Calhoun County, 10 wells out of 46 had oil with 116 bbl. and 
29 had gas with 11,875,000 cu. ft. of new production. 

In Clay County, a wildcat well, 44 mile southeast of Villa Nova 
and adjacent to the Braxton County line, found gas in the Webster 
Springs sand (U. Mis.) at depth of 1708 to 1758 ft. The well tested 
510,000 cu. ft. and 550 lb. rock pressure. An offset has now been started. 
This production, found in new territory, is also from a new sand not 
heretofore known as productive. Its stratigraphic position is immedi- 
ately above the Little Lime (Glenray) and slightly below the Maxton 
(Droop) sand. 

In Gilmer County 55 wells out of 78 drilled had gas with 26,074,- 
000 cu. ft. of new production. Five wells had oil and 18 were dry. 
The Glenville gas pool, which was very active in 1937, has not proved to 
be extensive and is now relatively quiet. This pool adjoins the older 
Stewart Creek territory, not yet wholly drilled, the combined areas 
being about 10,000 acres. 

In Jackson County, as will be discussed later, under the subject of 
“Development in Oriskany Sand,” some new gas was found. 

Kanawha County led all others in activity, having 139 wells, mostly 
Oriskany sand (L. Dev.) gas, as will be hereinafter discussed. 

In Lincoln County, besides routine drilling, six Big Lime (L. Mis.) 
oil wells completed on Guyandot River above Sand Creek, with initial 
capacities of 25 to 30 bbl. each, after acidizing, gave some promise of a 
new pool but soon declined to unprofitable figures. Some good brown- 
shale (M. Dev.) wells are reported inthe vicinity of Hager and Palermo 
in Carroll district. 

Pleasants County ranked high in the finding of oil, there being 13 
new oil wells with 322 bbl. of measured production. This oil was mostly 
found in an old Big Injun and Squaw sand (L. Mis.) pool astride the 
Pleasants-Ritchie County line, about 3 miles south of Schultz. A new 
Big Injun sand (L. Mis.) well, in McKim district north of Maxwell, 


may open a pool. 
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Ritchie County led all others in oil. Out of 82 completions 32 wells 
had oil with 501 bbl.; 29 had gas with 7,425,000 cu. ft. of new production. 
To a considerable extent the new oil was found in an old pool adjacent 
to Pleasants County, as above mentioned. 

In Wayne County 20 wells were drilled, one of which had oil and the 
remainder of which had gas, with 8,504,000 cu. ft. of new production. 
No failures are recorded. 

In Wetzel County 26 wells out of 39 completions had gas, with 23,- 
586,000 cu.ft. of new production. A town-lot development, in the shallow 
Cow Run sand (Mid. Pen.) at depth of about 600 ft. in the village of 
Proctor resulted in 20 wells, having average open flows of 500,000 cu. ft. 
per well and average rock pressures of 150 Ib. There is small prospect 
of any considerable extension. A large well in the Gordon sand (U. 
Dev.), 2 miles north of Newdale, Proctor district, with an open flow of 
10,000,000 cu. ft. and a rock pressure of 1000 lb., may lead to new pro- 
duction in an area where previous production is mainly from the Maxton 
sand (U. Mis.). 


DEVELOPMENT IN ORISKANY SAND 


The exploitation of the Oriskany sand (L. Dev.), in which gas was 
discovered in Kanawha County in 1930 but in which active operation 
began late in 1934, has proceeded vigorously throughout the year and 
has now extended into Jackson County. Table 2 shows the scope of 
Oriskany operations in these two counties. In Jackson County there 
had been six unsuccessful Oriskany tests before 1938. During 1938 four 
successful wells were drilled in three magisterial districts and at the end 
of the year five others were drilling. Three of the new gas wells are 
adjacent to the productive area of Kanawha County, but the fourth 
(Brown, 1) is a wildcat in Ravenswood district on the Ohio River just 
north of Ravenswood city. Although not yet successfully finished, 
because of lost tools, the well gauged 337,000 cu. ft. and 1600 lb. rock 
pressure, and may open an entirely new pool. Oriskany exploration in 
the central portion of Jackson County has not yet been successful. 

In Kanawha County, 192 Oriskany wells had been drilled by the 
end of 1937. Of these, 169 were successful, with a tested open flow of 
979,650,000 cu. ft.; and 23 were dry holes. In 1938 there were 120 
completions, of which 116 were successful and only 4 were dry. New 
Oriskany open flow for the 116 gas wells was 1,039,768,000 cu. ft. 

The main proved Oriskany territory now consists of portions of 
Elk, Loudon, Malden, Poca and Union districts of Kanawha County; 
and portions of Ripley and Washington districts of Jackson County. 
Three separate pools are recognized. The Campbell-Davis Creek pool ~ 
is in Loudon and Malden districts southeast of Charleston and astride 
the Great Kanawha River. The Cooper Creek pool is in Elk district 
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6 miles northeast of Charleston and on both sides of Elk River. The 
Elk-Poca pool is in Elk and Poca districts of Kanawha County and in 
the adjacent portions of Ripley and Washington districts of Jackson 
County, some miles north of Charleston. In these three pools at the 
end of 1938 there had been 305 completions, of which 285 were gas wells 
with a combined initial open flow of 2,019,081,000 cu. ft. and 20 were 
dry holes. As of Jan. 1, 1939, there were 52 wells drilling or unreported. 
The average open flow per gas well has been 7,084,494 cu. ft. per day 
with rock pressures that vary from 1000 to 2000 lb. The present open 
flow is unknown. The proved territory appears to be about as follows: 
Campbell-Davis Creek pool, 9085 acres; Cooper Creek pool, 2439 acres; 
Elk-Poca pool, 51,716 acres; a total of 63,240 acres. 

Detailed production figures are not available, but estimates of 150 
to 175 billion cu. ft., as of the end of 1938, are current. Comprehensive 
estimates of reserves are also lacking because no single organization 
appears to be in possession of all the data on rock pressure and produc- 
tion. It is believed, however, that unit production may somewhat 
exceed 5,000,000 cu. ft. per acre. Using this figure as the minimum, 
the ultimate recovery, including gas already taken out, would be 316,- 
400,000,000 cu. ft. At the present time, practically all the gas is under 
contract, but it is estimated that only about 20 per cent of the available 
supply is being produced, because pipe lines and markets are not avail- 
able to handle it. 

Within recent weeks 10 new wells in the northern edge of Poca dis- 
trict have been shut in because of the appearance of sour gas. The 
objectionable matter in these wells, consisting of hydrogen sulphide 
plus mercaptans, is reported as 50 grains per 100 cu. ft. A correction 
plant may or may not be required to handle these and other possible 
sour wells. 

In other counties, outside of Jackson and Kanawha, exploration in 
the Oriskany sand has shown poor results. Various tests in Boone, with 
the exception of one small well, have been failures. No Oriskany gas 
has yet been found in Cabell, Calhoun, Clay, Doddridge, Fayette, 
Hancock, Lincoln, Logan, McDowell, Marion, Mason, Mingo, Putnam, 
Randolph, Roane, Wayne and Wirt, although one or more tests have been 
made in each of these counties. In Wood there have been several 
tests, one of which had gas in some quantity. In Monongalia the pros- 
pect appears rather good for production in the Huntersville chert, which 
is of Oriskany age, immediately overlying the sand proper. This chert 
now produces from three wells on the Chestnut Ridge anticline in Fayette 
County, Pa., 10 miles north of the Monongalia line; and another well, 
1 mile north of the same line, is showing for a producer, but its completion 
has been delayed by lost tools (recovered as of Jan. 23). The same 
anticline extends across Monongalia County, and nearly all of the avail- 
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able territory is under lease. Table 1 shows the result of wildcat drilling, 
mainly to the Oriskany sand, throughout the state in 1938. Table 2 
gives the details of Oriskany drilling in Jackson and Kanawha Counties. 


TaBLE 2.—Oriskany Sand Wells, Jackson and Kanawha 


Counties, W. Va. ; 
Completed before 1938 Completed in 1938 
of Wells 
of Wells 
Rite Soe Gas Wells Gas Wells aes Drilling 
ounty and — ; | or Unre- 
Magisterial District }—-——H+—\—. ae y beg a ey — fa = ported 
. : ; ess | Jan. 1 
Num-|G,.; M Side oe eter Gasiat = len 1939" 
ber of _ any Yells | ber o any ells 
Wells | Cu: Ft: Wells | Cu: Ft. 
Jackson County.: 
Grantn ectenvae ac 0 0 0 0 0 0 0 0 0 0 
Ravenswood..... 1 0 1 2 1 337 0 1 3 0 
Ripley et osce.c avers 0 0 0 0 2 11,155 0 2 2 3 
(ntOM etic keer: 0 0 0 0 0 0 0 0 0 0 
Washington...... 2 0 2 4 1 5,329! 0 1 5 2 
Total sre. tame 3 0 3 6 4 16,821 0 4 10 5 
Kanawha County.: 
Big Sandy....... 0 0 1 1 0 0 0 0 1 0 
Cabin Creek..... 0 0 3 S 0 0 0 0 3 0 
Charleston....... 0 0 1 1 0 0 0 0 1 0 
BU ketal ei Peiceeoe oie 66 | 296,240 8 744 16 35,998 1 17 91 8 
Jefferson......... 0 0 A 1 0 0 0 0 i 0 
TOUGON eins ltante 7 2,703 5 12 0 0 0 0 12 0 
Maldenei. wesike sts 33 69,300 4 37 2 1,747 1 3 40 6 
Potats... oe oemum tens 58 | 605,502 0 58 92 986,976 1 93 151 37 
Mini On aster 5 5,905 0 5 6 15,047 0 6 11 2 
Washington...... 0 0 0 0 0 0 1 1 rf 0 
TOR ee Puke 169 |979,650) 23 192 116 1,039,768 4 120 312 53 
Grand total, 0.5.5 172 | 979,650} 26 198 120 1,056,589 4 124 322 58 


2 Includes one oil well completed in 1934 with 158 bbl. daily production. 


‘ 


OPERATING TECHNOLOGY 


Routine methods of operating oil and gas wells are mainly followed. 
Rotary drilling has not yet been tried in the state, although three or 
four extremely deep wells have now been completed by this method in 
Pennsylvania. In Kanawha County many of the Oriskany gas wells 
are now being completed with a Spang drilling-in-head, which is attached 
to a flange above the master gate and which prevents any serious flow 
of gas into the derrick. 

A considerable amount of gas from new operations is now ‘bein 
moved to favorably situated old wells in Harrison, Lewis and Taylor 
Counties for underground storage. Also, a very large quantity of 
Oriskany gas has been moved to central Ohio for storage in old Clinton 
sand wells. 
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Piper LINES AND MARKETS 


Pipe-line building in 1938 was mainly confined to small extensions. 
In Kanawha County the West Virginia Gas Corporation built 6 miles 
of 8-in. gas line from its operations on Grapevine Creek, Poca district, 
eastward to Hunt station. In Boone County, Owens-Libbey-Owens Gas 
Department built 6 miles of 10-in. gas line from its Brushton compressor 
northwestward to Longshoal run, to pick up both produced and purchased 
shale gas. In Cabell County, Clayco Gas Co. is building a new line 
from Salt Creek on Guyandot River southwestward 5 or 6 miles to 
Bowen Creek. 

For several months in the latter part of 1938 the price of oil was 
only $1.28 per barrel, coupled with a 25 per cent restriction on produc- 
tion. In January 1939, the price was raised to $1.37 and restriction of 
output was removed as of Feb. 1. Even with these more favorable con- 
ditions there will be small profit, if any, from Poil operations in 
West Virginia. 

The field, or well-mouth, price of gas has steadily declined for several 
years. Starting with the maximum of 18.9¢ per M cu. ft. in 1931, 
the U. 8. Bureau of Mines figures are: 1932, 18.5¢; 1933, 18.0¢; 1934, 
17.6¢; 1935, 16.9¢; 1936, 14.8¢; 1937, 12.9¢; 1938, not yet reported. 
A West Virginia operator can hardly get more than 12¢ per 1000 at 
present and must, of course, be content with a three or four-month 
summer shut-in, because of reduced demand in that period of the year. 
Most of the gas produced by independents is under a contract of some 
sort, but it would be difficult to determine, or even estimate, the amount 
of gas that might be produced annually if there were a full demand during 
the winter months. It is believed, however, that the state could supply 
an annual demand of considerably more than 200,000,000 M cu. ft., 
and could at the same time meet all peak loads that would accompany 
such a demand. 


County SUMMARY 


Table 3 shows by counties the new development in West Virginia 
during 1938. This information was mainly gathered from trade jour- 
nals and private reports. The.summary of completions is not necessarily 
the same as that published annually by the West Virginia Department 
of Mines, because of the lag occurring between completion dates and 
reports to the Department. There is no full comparison for initial well 
capacities, because there is no legal requirement for reporting these to 
any public agency. In many cases, however, the figures for open flow 
and rock’ pressure are voluntarily reported to the Department. In such 
cases the operators are entitled to many thanks. 
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TaBLE 3.—Summary of New Development in West Virginia during 1938 


a nt EEEEEEEEEEESESSES ESSENSE [NNN 


County 


Number 
of Wells 
Drilled 


Barboutacecoasdeen eye ee 
B@onei tse ors tase ore 
Braxton cake ee eee ee 


Jacksonneee easiness Gee ae 
Kanaewhaycs i iains cn ances 


State totalatan. .seisen omen 


Oil Wells Gas Wells 
Number | Bbl. per | Number M Cu. Ft. 
of Wells Day of Wells per Day 

0 0 1 75 

6 71 16 4,686 

0 0 13 3,445 

1 1 0 0 

1 2 47 13,134 

10 116 29 11,875 

7 107 iG 2,880 

2 8 10 3,118 

0 0 0 0 

5 37 55 26,074 

3 9 3 300 

1 5 8 1,480 

0 0 4 16,833 

5 39 127 1,058,689 

1 15 6 1,273 

7 86 18 3,050 

0 0 5 3,362 

0 0 3 943 

1 5 5 2,225 

0 0 1 156 

0 0 4 13,719 

3 13 9 1,467 

0 0 3 1,774 

13 322 6 1,514 

0 0 9 6,770 

32 501 29 7,425 

6 126 6 2,592 

7 50 2 140 

0 0 3 1,330 

1 6 19 8,504 

1 30 26 23,586 

14 44 9 9,705 

4 16 1 92 

1,232,216 
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Gas Co., Mr. Dan. 8. Keenan; Columbian Carbon Co., Mr. R. B. Ander- 
son; Commonwealth Gas Corporation, Mr. J. E. Billingsley; Hamilton 
Gas Co., Mr. John Dolan; Hope Natural Gas Co., Mr. F. E. Demmler; 
Huntington-Oklahoma Oil Co., Mr. George W. Keller; Charles E. 
Krebs, Inc., C. E. Krebs; Manufacturers Light & Heat Co., Mr. E. O. 
Shillhawn; Owens-Libbey-Owens Gas Dept., Dr. O. Fischer; Pittsburgh 
& W. Va. Gas Co., Mr. J. H. Newlon; Veleair C. Smith, Management, 
Mr. V. C. Smith; Southeastern Gas Co., Mr. I. G. Grettum; Spartan 
Gas Co., Mr. Wm. O. Ziebold; Tri-State Oil & Gas Co., Mr. H. P. 
MeGinnis; United Fuel Gas Co., Mr. A. H. McClain; Mr. H. F. Johnston, 
assistant geologist to the writer, who has ably handled the statistics of 
production and many other details. 


Oil and Gas Development in Wyoming in 1938 


By C. E. SHornrett,* Mremsper A.I.M.E., anp E. W. Kramprertt 


Tue major oil discovery in 1938 for Wyoming was the General Petro- 
leum Corporation’s No. 1 Government, C.NW.SE. of sec. 21-35N-77W, 
on the Cole Creek structure in central Wyoming, 14 miles northeast of 
Casper. This well found commercial oil production in basal Cloverly 
sand (Lakota) at 7978 ft. and was completed on May 28, 1938, at 8019 ft., 
3 ft. in Morrison shale. It had an initial production of 10 bbl. of oil an 
hour but at the end of a 7-day test made 336 bbl. of oil in 24 hr. During 
1938, the well produced a total of 23,161 bbl. of oil. It has been agitated 
about 10 days out of each month to provide fuel for lease and drilling 
operations, the balance of the time it has been shut in pending the com- 
pletion of the second well on the structure. The Cole Creek oil is of 
intermediate base and has an A.P.I. gravity of 32.7°. The record of the 
well contains the ‘“‘tops”’ listed in the accompanying tabulation. 


Tops in General Petroleum Corporation’s No. 1 Government Well 
Frrer 


2240 ‘Top of the Mesa Verde (Teapot sandstone) 
2960 Top Steele shale 
4500 Shannon sand; good show of oil and gas 
6740 Top Frontier sand; some oil saturation 
6840 Halliburton test of Frontier did not show much oil, but at 
6878 ft. the oil showing amounted to 50 barrels 
6878-7051 Shale 
7051-7062 Sand with some oil saturation 
7062-7920 Shale (sandy phase of Thermopolis shale 7779 to 7788 ft.) 
7920-7926 Sand (Muddy); oil-saturated 
7926-7974 Shale 
7974-7979 Hard, coarse, limy sand (Dakota); some oil saturation 
7979-7997 Soft sand; high oil saturation 
7997-8002 Shale with pyrites 
e 8002-8016 Sand (Lakota) 
8016-8019 Variegated Morrison shale 
5600 Elevation 


Lance Creek Field——Important extensions to the Lance Creek field 
in eastern Wyoming were made in 1938 by the completion of a number of 


Manuscript received at the office of the Institute May 20, 1939. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
t Consulting Geologist, Casper, Wyoming. 
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prolific Minnelusa sand producers on the southwest and the north sides 
of the field, well outside of the limits of the Sundance sand area. The 
Minnelusa sand referred to is the second sand in the Minnelusa formation 
of Pennsylvanian age, and is known locally as the “Leo pay.” 

There were 27 completions in the Lance Creek field in 1938, of which 
18 were Leo sand oil wells; six were Sundance sand oil wells; one was a 
Leo sand gas well; one a Leo sand dry hole, and one a Dakota sand dry 
hole. Initial new production for the Leo sand was 26,112 bbl. and for 
the Sundance sand 4757 bbl. Initial gas production from the Leo sand 
was 2,723,000 cubic feet. 

As a result of the wells completed last year, the productive area of 
the field is limited on the west by a dry hole completed by J. E. Manning 
and associates, on the Peklo farm in the SE.SE.SE. of sec. 1-35N-66W. 
The southeast side of the field is limited by a dry hole drilled in 1937 on 
the Taylor permit in sec. 3-35N-65W, and by No. 1 on Leo 7 in sec. 
35-36N-65W, which was completed as a small pumper in 1937. The 
limits of the north and east sides of the field are not so clearly defined. 

Oil Springs Anticline-—Gas was discovered on June 29, 1938, in the 
Oil Springs anticline, by The Cunningham Oil Co., in Sundance sand at 
2225 to 2350 ft. The discovery well is on Union Pacific R.R. lands in 
sec. 3-23N-79W, and the field was developed further in 1938 by The Ohio 
Oil Co. with the completion late in the year of an offset well on its Baker 
permit in sec. 2. Gas from the new field will be utilized for repressuring 
operations in some of the Laramie Basin oil fields and will augment the 
gas reserves for the towns served by the Rocky Mountain Gas Com- 
pany’s lines from Allen Lake field to Laramie, Wyoming. 

The discovery well had its first showing of gas at 2225 ft., in the top 
of the Sundance sand, and the well gauged 3,880,000 cu. ft. of gas under 
900 lb. pressure at 2267 ft. It gauged 9,500,000 cu. ft. of gas in sand at 
2267 to 2287 ft., and the final gauge at 2287 to 2315 ft., was 11,200,000 
cu. {t., under 1200 lb. pressure. 

The offset well of The Ohio Oil Co. was completed in December at 2353 
ft., and gauged initially 20,000,000 cu. ft. of gas under 1110 lb. pressure. 

The Oil Springs anticline is a very sharp fold formed in beds of Upper 
Cretaceous age. The oldest exposed rocks belong to the Frontier forma- 
tion, the lower sand of which produces gas in small quantities at 
shallow depths. 

Beaver Creek Dome.—The Beaver Creek dome in Fremont County 
was proved for gas by the completion of Stanolind Oil & Gas Company’s 
No. 1 Elton D. Johnson well on the C.SE.SE. of sec. 3-33N-96W. This 
well was started in 1937 and completed on June 3, 1938, for 9,000,000 
cu. ft. of gas in Morrison sand at 8244 to 8288 ft. after plugging back 
from a total depth of 8920 ft. The Sundance sand, final objective of the 
test, was dry. No market for gas from this field is immediately available, 
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TasBiE 1.—Oil and Gas Production in Wyoming in 1938 
Area Proved, | Total Oil Production, Bbl. 
cres 
ss Age, 
aA Yonrs 
2g|s Field, County En 4 
as|q of Oil | Gas | To End of 1938 | During 1938 
BA |Z 1938 
Og|3 
Oma 
C 1| Alkali Butte, Fremont. ect. 10 40 300 8,130 0 
© | 3] Ant Hille Niobrara en ego 7,378 0 
3| Ant Hills, Niobrara. D 
C 4) Badger Basin, Park........... 8 300 211,948 55,720 
Cc Baxter Basin ea Sweetwat 
Bh P< RNR Fie ia nse ets ware ares Caren arden relia wiry 16 7,467 
6) PLemDakota ie ted coon wes ideo ie tee oreeaiaty 16 4,310 
C 
Th eS Dakabe 7 4.0% eeeris rateteh aie cee ome 12 0 1,280 
8 10 0 2,280 
C 9| Beaver Creek, Fremont.............----.--- 1 640 
0 Big pete Converse: = ae 
annon.... ’ 
11 Wall Creek. . 22 25,696,331 441,082 
12 Makotarews saat 16 
Cc Big Sand Draw, F 
13 Wall Groak 25. dac.8 ic une tose re eile Menlate wa 21 1,200 
14 Lakota.......... 8 300 
Cc 15} Billy Creek, Johnson.......... ; sail aia 1,200 
C 16] Black Mountain, Hot Springs.................... 15 300 300 251,998 46,255 
c “ ae wee Natrona: ie es a 
undance........ 
C | 18) Embar.. 18 50 } 51,210 { 875 
Cc 19| Boone Dome, Natrona. . 18 300 
C | 20] Bunker Hill, Carbon.................... 2 480 
C Byron Dome, Big Horn: 
C | 21 HOnbiGD 50.4800 0th poe nee Wiens eae 16 0 500 
C | 22 Sundancets-enaes ee nee 9 40 0 14,000 0 
Cc 23 Embar-Tensleep. 6 2,950 0 1,718,117 539,014 
C | 24! Cole Creek, Natrona. . 1 * 23,161 23,161 
C_ | 25} Dallas-Derby, Fremont. . 4 55 350 0 2,656,565 157,127 
C | 26] Dewey Dome, Weston................. 2 40 0 3,208 2,405 
C Dutton Creek, Carbon: 
C | 27 Shannon: 3t).5.4 Gee ceameene naa ns Metin 12 0 800 
C 28 Muddy is: = xt ceartete sy aktteaane 12 150 0 235,792 17,654 
C | 29) East Allen Tae, Carbon... 2 410 
C | 30] Bast Lance Creek, Niobrar 20 400 150 449,000 9,000 
C | 31) Right Mile Lake, Carbon... . 15 250 
C Elk Basin, Park: 
C | 32 Frontier 23 580 10,759,351 99,585 
C | 33 Dakoteint-jcx sclerosis 17 1,200 
C | 34! Enos Creek, Hot Sprint 15 500 
C | 35! Ferris, Carbon.. 21 200 200 486,669 2,268 
Cc Ferris (West), Carbon: 
C | 36 Dakotas Ries acto radaotee oes. Rol AG ae nie 17 3,100 
C | 37 Sundance. 13 3,500 
Co 88) Rowrbear lark jctbacay ake uh cole setae. ait 10 500 
C Frannie, Park: 
C 10 500 2,841,894 523,705 
rd 9 10 93,952 6,879 
C | 41 Wrontiak..).10% waka aos ; 31 40 1,000 342,700 0 
C | 42 Dakotar is. 5.215 19 0 1,200 0 
C | 43 rig sth on ge 11 160 1,650 0 
C | 44 Madison........+... “f 2,000 500 778,621 
C | 45) Golden Eagis, Hot Springs eae 120 
© ..|46) Gooseberry: Fark concctcenaicar teh toe acc cince 2 500 1,696 0 
C Grass Creek, Hot Springs: 
C | 47 POntGr. sorrdoleete marae hrc NE 24 1,400 24,587,271 323,361 
C | 48 HinbarTensleen aientttotaer sae rcss on GoAh Riis 17 2,000 1,924,911 186,484 
Ce AGGrevbull) Big Hott mutes minh ee rave Oana: 30 640 160 245,362 150 
C | 50) Hamilton, Hot Springs...........00.seveveeeeeee 20 2,000 4,791,545 253,044 
C | 51) Hidden Dome, Washakie...............0.0.0000e 21 50 640 283,812 40,613 
C | 52) Tron Creek, Natrona...........00.cccecccueccues 16 80 80 16,257 5,267 
C |} 53! La Barge, Lincoln-Sublette............0.c0ceeeees 15 950 6, 465, 785 354,645 
C | 54) Lake Creek, Hot Springs.............0.0.cececee 13 100 5,000 
C Lance Creek, Niobrara: . 
C | 55 KOGA Sptdetn oehe wit d eetan vanles Se aie piece 23 1,000 3,500 4,414,553 30, 
C | 56 Sundance aint ones schis Serpe rvah ase 8 1,700 0 9,451,879 2,825,919 
C | 57 Minnelusaied sce tt ines he ae eae 2 15,000 0 1,833,556 1,717,449 
C | 58) Lander (Hudson), Fremont................c0cecee 20 340 1,964,412 95,517 
C_ | 59) Little Buffalo Basin, Park.............. 000.0000 24 4,800 
: 60} Little Grass Creek, Hot Springs.................. 0 300 


Little Pole Cat Parks sccced. tans ae 


@ Footnotes to column heads and explanation of symbols are given on page 240. 
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TaBLE 1.—(Continued) 
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———_————— 7 tO Method | Pressure, Lb. per Sa. 
Total Gas Production, . Oil Production Method | Pressure, Lb. per Sa. 
Millions Cu. Ft. Number of Oil and/or Gas Wells at End of 1938 Trch? Pering: 
During 1938 |At End of 1938} | Number of Wells SGI 
by 
o 
2 ; a ; 
g | To End of During | Completed | 3 & Bo oo Air, as 
2 1938 1938 |to Bnd 1938, = | & |-8 |-6 | Flow-|Pump-| Gas, Tnitial 
© & shoe ett eeeee ing ing Lift, 1937 | 1938 
I EI SS 3 | 383 Water 
a Co See 
1 0 0 3 & lane A 38 feo y y y 
2 819 40 7 0 1 0 4 920 y 450 
3 2 0 0 0 0 0 0 0 x x L 
4 4 CS fae) 4) oy 4 0 | 0 y y y 
5 13 0 12 800 
6 Ty 0 11 815 
18,062 5,860 
7 3 0 3 1,335 | 1,080 
8 2 0 2 1,485 | 1,080 
9 0 0 1 1 0 0 1 2,500 2,500 
10 35 0 0 10 0 10 0 
11 134 0 0 134 0 0 134 0 
12 5 0 0 5 0 0 5 0 
13 10 0 0 0 10 1,300 750 680 
Ta jeo. pat 1 Hilo ch ee 1/360 | 1,860 
15 2,704 311 9 0 0 0 8 1,150 710 400 
16 6 0 0 6 0 0 6 0 & s x 
ay, 8 0 0 2 0 0 2 0 fa 
18 6 0 0 1 0 0 1 0 x 
19 4,072 1 4 0 0 0 2 750 200 180 
20 0 5 0 0 0 2 500 500 500 
21 3,378 225 2 0 0 0 2 0 0 1,000 370 350 
22 0 1 0 0 0 0 0 0 0 x a x 
23 0 0 15 0 0 15 0 0 15 0 x én x 
24 2 2 1 1 0 1 0 0 
25 72 0 0 42 0 0 42 0 x x x 
26 3 1 1 1 0 0 1 0 x w x 
27 1,190 100 5 0 0 0 5 440 310 295 
28 3 0 0 3 0 0 3 0 
29 15 15 2 0 0 0 2 1,050 | 1,050 | 1,000 
30 0 0 3 0 0 1 1 0 1 y y y 
31 4,870 0 4 0 0 0 1 1,724 600 600 
32 149 0 0 142 0 142 0 
33 24,419 1,650 9 3 2 7 925 523 498 
34 3 0 0 0 1 750 730 730 
35 y 0 25 0 0 25 0 8 1,020 125 y 
36 8,040 0 2 0 0 0 2 1,000 200 168 
37 16,692 553 11 0 0 0 11 1,140 200 168 
38 1 0 0 1 0 1 
39 13 1 0 12 0 0 12 0 
40 2 0 0 1 0 1 0 0 
41 590 29% 50 0 0 0 4 z y y 
42 20,469¢ 50¢ 10 0 0 0 3 745 150 145 
43 21,245 6172 1 0 0 0 1 1,470 | 1,110 | 1,260 
44 911¢ 148¢ 14 1 0 13 0 12 1 0 1,600 | 1,110 | 1,260 
45 2,250 Exh. 3 0 0 0 0 1,175 Exh. 
46 3 0 0 1 0 0 1 0 
47) 316 0 0 316 0 316 
48 15 0 0 15 0 15 
49 to 14 0 0 3 0 3 x Exh. 
3 36 eo eerie eae 5 725 | Exh. | Exh 
30 2 2 xh. xh. 
32 ey 0 5 o |: 0 Lh 0TH G0 12 50 200 Exh. 
53 115 2 0 95 0 0 95 
54 3 0 0 1 0 0 1 
5 59,800 0 78 0 0 1 12 0 1 0 910 
36 3,842 0 63 12 4 56 0 52 4 0 1,600 
Be: 0 32 19 1 30 0 30 0 0 2,000 
58 ; 36 0 0 11 0 0 il 0 
59 17,371 1,523 10 0 0 0 8 600 395 393 
60 x 84 2 0 0 0 2 1,140 400 
61 913 76 1 0 0 0 1 1,375 | 1,114 | 1,090 
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OIL AND GAS DEVELOPMENT IN WYOMING IN 1938 
TaBLe 1.—(Continued) 
Producing Formation Deepest Zone Tested 
Character of | _ 
Oil, Approx. Depth Aver- 
Average age in Feet B 
during 1938. 2 Pai ae 
a B= | a2 3 
Be a Name Agee 4 3 3 3 & [Ss z Name sm 
neaee 83a ee 2 £ 7 Be g 3 32 
at StEEES|2| & 24) & a 
Morris J 4,600| 4,570] § Por 30, A | Chugwater | 5,460 
iy aaa Fur 2,175| 2,100) § Por 40; A | Chugwater 4,083 
36 Dakota CreU 3,957} 3,951) § Por 6| A | Lakota 4,257 
48 Frontier CreU 8,500) 8,250) § Por 49| A 
Fronti CreU 2,400} 2,200; § Por 16) AF 
Dakota” Cre _| 3,500| 3,000] § | Por | 50| AF } Nugget Lee 
Dakot CreU 3,100} 2,950) S Por 20| AF 
Jeol on 8100 | F380| 3 | Por | 15) AR \ Chugwater 4,200 
Lakota CreU 8,288| 8,244) § Por 44; A | Sundance 8,920 
1 h CreU 1,250! 1,200} § Por 65) A : 
33 Frit Greek CreU 3,400| 3,260) § Por 100} A Madison 6,597 
33 Dakota CreU 4,700| 4,600) S Por 15) A 
Wall Creek CreU 2,800| 2,300; § Por 150) A 
Lakota Gre | 4'350| 4;300| § | Por | 40] A |f Sundance | 5,346 
Wall Creek CreU 3,250} 3,200) SH| _ Por 20| A | BigHornLime | 7,775 
24 Embar-Tensleep Per, Pen | 3,350! 2,900} LS | Cav, Por| 135} A | Madison 3,832 
22 Sundance Jur 1,120} 1,015) §$ Por 10| AF 
32 ober Per 2'050| 2095 L | Cav | 15| ar |sAmsden | 2,867 
Shannon CreU 2,200| 2,150} S Por 70| A iobrara 5,200 
Shannon CreU 1,480} 1,224/ § Por 250|" A | Sundance 6,791 
Frontier CreU 2,500| 2,400) § Por 30| A 
32 Sundance Jur 4,209| 4,205) S Por 4) A Amsden 6,700 
25 Embar-Tensleep Per, Pen | 5,700} 5,300| LS | Cav, Por} 130) A 
32.5 Lakota reL 8,019 Ny Por A | Sundance 8,707 
23 Embar-Tensleep Per, Pen | 1,200} 700| LS | Cav, Por] 150| A | Tensleep 1,400 
31 Leo Sand en 2,349] 2,294) § Por 40| H | Minnelusa 2,505 
Shannon CreU 1,700} 1,600/; § Por 40) A 
34 Muddy Cre | 4.900] 4.850/ § | Por | 30] A peace 5,488 
Sundance Jur 2,088} 2,000! § Per 48) A undance 2,180 
42 Dakota CreU 4,008| 3,808| § Por 95} A | Madison 6,434 
Dakota CreU 3,500} 3,400} S$ Por 50) A | Chugwater | 4,560 
43 Frontier CreU 1,200} 1,000} § Por 40| Af . 
Dakota CreU | 2'500| 2:400/ 8 | Por | 55| Af |f Morrison | 3,228 
Frontier CreU 2,850| 2,600) S Por 40| A akota 3,992 
36 Mowry-Dakota CreU 1,650| 1,600} S Por 25| A | Embar 4,600 
Dakota CreU 2,300} 2,200} S Por 30} A 
Sundance Jur 2'700| 2'600/ § | Por | 110] A Siva 4,600 
15 Tensleep Pen 3,350} 3,270] S Por 60) A ensleep 3,350 
28 Tensleep Pen 3,530] 2,770| S Por 100) AF . 
18 Madison Mis 3,013| 3,012) L | Cav 1| AF \ Madison 3,230 
mE eng Cre. | 1,000| 1,500] 8 | Por | B0| At 
akota re A : or A : 
19 Embar-Tensleep Per, Pen | 4:275| 3.000| LS | Cav, Por| 100 A | (Cambrian | 4,750 
19 Madison is 4,726| 3,600} L | Por, Cav| 300) A 
Mesaverde CreU 3,000| 2,250] S Por 50} A | Cody 4,019 
22 Embar-Tensleep Per, Pen | 6,049} 5,669| LS | Cav, Por} 50) A | Tensleep 6,076 
44 Frontier CreU 1,200} 800} S Por 250) A 
23 Embar-Tensleep Per, Pen | 4,000| 3,600| LS | Cav, Por| 200] A ieee 4,335 
48 Greybull reU 1,050| 1,000} S Por 20| AF | 'Tensleep 2,950 
23 Embar-Tensleep Per, Pen | 3,332) 2,700| LS | Cav, Por} 130) A | Tenslee 2,886 
47 Frontier reU 1,600} 1,200) S Por 15} A | Greybull 2,785 
32 Dakota CreU 820} 650/ § Por 25) A | Sundance 1,633 
31 Wasatch Eoe 1,000) 650) S Por 150} Af | Hilliard 6,200 
26 Embar Per 3,760} 3,780} L Cav 30) A | Tensleep 3,830 
42 Dakota CreU 3,665} 2,820} S Por 65) A 
44 Sundance Jur 4,100} 3,500} S$ Por 65) A Granite 6,434 
44 Leo Pen 5,680} 4,900} S Por 60) A 
23 Embar Tensleep Per, Pen | 2,750] 1,300| LS | Cav, Por| 185} A | Tensleep 2,190 
Frontier reU 1,500) 1,200) 8 Por 100} A | Mowry 1,670 
Frontier CreU 2,901) 2,665) S Por A | Frontier 2,901 
Frontier CreU 4,100} 3,900} S Por 15} A | Cloverly 5,660 
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Acres 
Age, 
g g Field, County het: 
AA End 
2g 3 of 
a8 q 1938 Oil Gast | To End of 1938 | During 1938 
Ald 
~A |.8 
ee he 
C Lost Soldier, Sweetwater: 
Cc 62 IEOnter ayes sce oer roars bor eee 22 160 0 2,088,045 7,172 
o 63 Dakotalakots wer acetate adh shes 3 es 19 450 0 11,605,847 109,640 
Cc 64 MOUGAnGe eee eee an hehe ee ean 1D) 160 0 5,003,728 253,982 
Cc 65 TUGHRISGD o-. eaeet teens ance Rane amet 8 160 0 801,032 230,143 
C Mahoney Dome, Carbon: 
Inc | 66 Dakutanmectscn anus ess terion. oir eels 19 0 1,400 800 
Inc | 67 nance cae oe hades Tecate Cri aaa ah Gen 14 0 1,660 0 
C | 68 SP easlBOD sr chan aah Met eyes es oh eden 9 250 0 27,922 26,422 
ic 69| Maverick Springs, Fremont...................... 21 1,400 0 0 
(6) 71| Medicine Bow, Carbon............. Been tive meen 4 800 320 2,681,174 1,132,723 
Cin ho72| Midway, Girona on lotta ocd ueeliae.e diste ta aes 8 200 0 186,934 11,317 
Cc Mule Creek (East), Niobrara: 
i lve FR ae ae (en Se che net 18 220 0 1,241,949 41,123 
Cc 74 Minnolusay eect Rach Ge ania noneae 8 100 0 3,750 0 
C | 75| Mule Creek (West), Niobrara: 
C | 76 Makota-Bakotac. 4c ete ne ole terenc. wich coats 9 170 0 44,595 { 4,875 
Cc 77 Miimneliisiimt Men teriee ca hud el coon earnaihane oe 7 400 0 » 3,650 
Cc Muskrat, Fremont: 
C 78 [18 0111 eae Pe Pee Tinelgd: ara tne tars aia 11 0 500 
10) 79 AOL MR tans carta eae eT eeeee enc Ne 2 
Cc 80] North Casper Creek, Natrona.................... 7 100 0 1,874 0 
© | 81) North Garland (Danker), Park....;...........-:.} 28 0 800 
C 83) North Sunshine, “Park. .=.......<60e.-5eee tenes 11 150 0 0 0 
CalpealeNobohes; lV Gironden. os cndes -t15. oto Gebsc es dam a oke 16 400 170,000 0 
CRUSE Sprisigss Cardoso ers ate a deers welercices ays eee 0 160 
Cc Oregon Basin, Park: a : free 
Cc 85 Cia eee ae ge oe APS Ape tein ele SRE Tee # 
C 86 Embar-Tensleep. . i: A ee 4 10,000 0 9,647,393 1,019,246 
Cc RTA ORAL OT Cabot. crate etc ation cists teegtate Utne sie mick 18 10,000 0 4,233,477 294,052 
Cc Pilot Butte, Fremont: 
Cc 88 IN IOP TATA ssh ache Sabie w es aie tee RRO, biatoon Bas 22 250 0 549,120 7,291 
C | 89 Mad yes 41.6: ttc Sortie eee tara aoe. 9 0 400 
(0) OORitchforiew Parks sic, tench de homs Geen iscoman ee 8 300 0 0 0 
Cc OF Plankett, Fremont. «..o.8. cect yep radon neanewn 17 45 0 11,800 100 
Cle 92) Poon Spiders Natrona. 2545.64.02 tein ca es os huh cre 20 400 400 954,803 98,641 
Can ositRowder River; Natrona. .05.6.02 oc. -cutlen soot ok 8 0 150 
NOW OS | teal 5 AUR 204 ini: Mec ores Site oe. cree acest mas io mieansen ale 5 160 0 628,218 270,967 
C QE ROS ISKO VALERY cira.s a.orscaeal ayeece's «cols saigearesiewveres 7 ai 15 200 0 222,014 1,500 
Cc _ | Rock Creek, Carbon: 
Cc 96 lalibaee ade cnt oes. or ec uanben aa as 21 1,300 0 17,424,242 559,168 
C | 97 BH NCaNCORT Ae iat nneten ocel ee hehe cane 4 500 0 541,459 91,918 
Cc Salt Creek, Natrona: 
Cc 98 BRGAVV GL CLGOlI oA. deere cls hea dtivigidiewiet Sieje ete 30 4,350 0 262,948 
Cc 99 Bnd) WalliCrecksency. shir seated aes ors ashen 21 21,450 0 3,052,018 
C /100 Rota eiaearoct ii tin atone hae Pmncmieiace 14 2,030 0 563,592 
C /}101 DUA aNOR here hore id .cis Saco hantiics w Raia otelnee 13 660 0 397,619 
C {102 Monslcepee sth name aac eat ernie a4 8 640 m0) 220,643 
CU TIITSH sy iteseartetaty alls 10/10 in epee eR Ce Oe rie hier ne ete 49 200 0 55,400 Abd. 
GP lod Sheep Creeks Fremont. cutscene a ucree rs ones 4 200 0 10,560 500 
C  |105| Shoshone, Park RPM eae ied en ee 10 540 0 10,320 10,320 
@ 1/106] Simpson Ridge, Carbon...............02.08.s0.0. 14 160 0 163,825 775 
CG |107| South Casper Creek, Natrona 16 240 0 2,449,120 89,736 
C {108} South Sunshine, Park........ 12 300 0 0 
(Om 109|(Spindletop, Natrona. vote ses wee. Sere ons alnwiete 10 80 0 17,493 8,574 
G! |110| Spring Creek, Park... ......2+2- +. 0s ee sees 9 2,000 0 33,200 0 
C /111| Spring Naleye 1D 1 TOS © 2 eee A ee are (Po a 38 400 0 101,593 0 
ot, Natrona: 
6 112 ePvall Gace Mrenen a ete a otuln Pattie vat eain ete 16 640 2,000 3,000,000 
eee ei Ce a ae a oe 
ORCHID HUN DigaLlonn seventeen a cemare ce tie tate f 
C |115} Warm Springs, Hot Springs............--.--+-+-- 21 160 0 319,705 wiike 
C |116) Waugh pone OWS DINGS. aca cage a shreds says 5 100 0 193,022 5,176 
tz, Carbon: 
ERS" ee 13 0} — 100 
118 LR ee Seiden tere(s qxts sonzraveteneelanesttanre 18 0 500 
119 Ri ceva Veriesi fa ruig oma Clara, aehel acervis naete 4 4 oan 
Mio (120) SUMAMtOd.. we etree ees 
ES. er en rnre 1 250 0 492,811 388,808 
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TaBLE 1.—(Continued) 
; tion Methods| Pressure, Lb. per Sq. 
Total Gas Production, | Number of Oil and/or Gas Wells | ©: Progmation fosgnous| Erossu"tncht 
During 1938 |At End of 1938] Number of Wells Aversge stdigd 
a) 
To End of | During | Completed Air ar 
| toss 1938 |toEnd 1938) S | & | | & Lift, | Taital 
2 0 ee SN rel Mtoe cle 1937 | 1938 
4 St fet ol earl oe id Meee kart 
3 38 = zo ES Water 
62 56 0 0 20 0 0 20 
63 41 0 1 23| 0 0 23 
64 17 3 0 10| 10 0 1 9 
65 3 2 0 Bulle 0 0 3 
66 4 0 0 o| 4 1,060} 150| 150 
67| }+57,186 553 9 0 0 0] 5 1170 | 200| 168 
68 2 1 0 2| 0 2 
69 32 0 0 32 0 
71 4,938 | 3,603 13 5 1 10| 2 | 10 0 0 | 1,900 | 1,800 | 1,700 
72 0 0 3 0 0 mall ome 0 3 0 
73 37 0 0 BT 0 0 37 0 
74 1 0 0 sf 0 0 1 0 
5 
76 44 1 0 20) 0 0 20 0 
77 1 0 0 14-0 0 1 0 
78 5,822 1,240 3 0 0 0 2 1,600 | 1,260 y 
79 1,970 | 1,970 1 1 0 Oe 2175 | 21175 y 
80 2 0 0 2| 0 2 
sl 40 10 4 0 0 O41, ¢4 400 y y 
82 2 0 0 rele ae 1 
83 5 0 0 T° 20 0 1 0 
84 0 0 2 2 0 o| 2 1,200 1,200 
85 2,044 259 4 0 0 Ole eh .0 0 0 720 | 670 y 
86 36 0 0 34] 0 0 34 0 
87 470 35 9 | 370| 0 0 | 370 0 
88 14 1 1 13] 0 0 13 0 
89 0 0 2 0 | 0 o| 2 soo} 00] 800 
90 1 0 0 tah. 20 
91 17 2 1 ip a 1 
92 5,600 0 19 0 0 4] 0 0 14 0 525 Exh. 
93 0 0 7 0 0 0] 0 0 0 0 530 | 525 | 525 
94 19 2 0 17510 0 17 0 
95 4 0 0 Bale 0 0 3 0 
96 58 0 2 41 0 41 0 
97 13 2 0 13 5 83 0 
98 
99 
100 1,998 
101 
102 
103 18 ee ty 0| 0 
104 4 0 0 2| 0 0 2 0 
105 0 0 3 1 0 1| 0 0 1 0 
106 12 0 0 2] 0 0 3 0 
107| 11,292 | Exh. 17 0 0 7a 0 0 17 0 
108 1 0 0 1| 0 0 1 0 
109 6 0 0 5| 0 0 5 0 
110 3 0 0 17) 20 0 1 0 
11 30 0 0 2| 0 0 2 0 
112 47 0 0 Onl) Onno 0 0 
113 15 0 0 2! 0 0 2 0 
114 30 0 0 0| 0 0 0 0 
115 46 2 0 19| 0 0 19 0 
116 2 1 0 0] 0 0 0 0 
118 aN hs ol tty Poy ba > ee 3 
1,940 | 280) 440° 
119| 62,2451 | 428 3 0 0 Ou 33 11940 | 280 aor 
120 1 0 0 0; 1 1,520 | 430 | 1,200 
121 2 1 0 Sa 50 3 : 


1 Frontier, 700 M cu. ft. to end of 1938; exhausted during 1938. 
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Producing Formation 
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Deepest Zone Tested 


oH Approx. 
eran Depth, Aver- 
: during 1938. re 
, |Gravity A.P.I. Apes Hest g 
3 | of 60°F. So ne 8 
| Weighted Name Age |S | & | > Se Gees Name ed 
Fi arene HSoalss,/8| #£ |28] 3 ee 
: ersleee/i| = f3|; a: 
a asFcas|s) S§ j2<| 8 aH 
62 32 Frontier CreU 900} 175, § Por 200) Af 
63 32 Dakota-Lakota Cre 2,100] 1,375] § Por 80| Af ie | 
64 32 Sundance Jur 2;100| 1'875| § | Por | 300} af |¢ lemsleep | 4,087 
65 35 Tensleep Pen 4,097] 3,900| § Por 50) Af s 
66 Dakota CreU 2,300] 2,170] § Por 30) A 
67 Sundance Jur 2,760] 2,600|} § Por 110) A Tensleep 4,690 
68 34 Tensleep Pen 4,760| 4,600} S Por 160) A 
69 22 Embar Per 1,700) 1,450} L Cav 50} A | Tensleep 2,094 
71 63 Sundance Jur 5,430| 5,200] § Por 140} A | Chugwater | 5,910 
72 32 Frontier-Muddy CreU 5,250} 5,200] § Por 60} A | Chugwater | 6,689 
73 32 Lakota CreL 1,550} 1,500} § Por 25] A : 
14 32 Minnelusa Pes 3,180] 3:170| § | Por | 10] A | Minnetusa | 3,185 
76 37 Dakota-Lakota Cre 350] 170) § Por 30) A : 
77 35 Minnelusa Pen 2,830| 2,800 H | Fis | 10) A \ Madison 3,047 
78 Frontier CreU 4,340] 4,270! § Por 150} AF : 
79 Dakota CreU | 5,320) 5:306/ § | Por | 60| AF | Madison 8,112 
80 23 Tensleep Pen 3,210] 3,200} S Por 10| A | Tensleep 3,308 
81 Frontier CreU 2,400] 2,200} S Por 30| AF | Frontier 2,800 
82 16 Tensleep Pen 3,700| 3,475| S Por 60] A | Tensleep 3,712 
83 23 Tensleep Pen 2,850} 2,800] § Por 40| A | Tensleep 2,830 
84 Sundance Jur 2,353 | 2,225) § Por 90| A |Sundance 2,353 
85 Dakota CreU 1,550] 1,500! S Por 45) Af 
86 21 Embar-Tensleep Per, Pen | 3,900] 3,500) LS | Cav, Por | 150) Af | Madison 4,160 
87 41 Newcastle eU 154} 220] § Por 10} ML | Minnelusa 2,235 
88 36 Niobrara CreU 1,000} 800| H Fis ol A 
89 Muddy CreU 3,370] 3,350) S Por 18} A | Sundance 4,630 
90 18 Tensleep Pen 8,950} 3,750] S Por 40) A | Tensleep 3,908 
91 42 Mowry CreU 500 | 250] H Fis z| N_ | Embar 2,500 
92 22 Sundance Jur 1,425] 1,400) S Por 35| A | Granite 4,119 
93 Frontier CreU 1,350] 1,315] § Por 35| A | Chugwater | 3,460 
94 35 Muddy-Dakota CreU 3,320] 3,260) S Por 60| A | Sundance 4,207 
95 34 Dakota CreU 3,900] 3,800] S Por 50) A | Lakota 3,930 
96 35 Dakota CreU 3,300} 2,600] S Por 110} A 
97 33 Sundance ctr 3,250| 31150| § | Por | 100; A } mbar | 5,627 
98 36 Ist Wall Creek CreU 1,100} 1,000} § Por 110| Af 
99 36 2nd Wall Creek CreU 2,575| 1,535] § Por 65) Af : 
100 38 Lakota CreL 2,350} 2,300] S Por 20) Af | } Granite 5,400 
101 35 Sundance Jur 2,875| 2,750) S Por 70| Af 
102 35 Tensleep Pen 3,980) 3,970| S Por 190} Af 
103 24 Shannon CreU 900} 800| S Por 75|MU P| Shannon y 
104 25 Embar Per 2,100} 2,035] L Cay 75| A | Tensleep 3,905 
105 21 Embar Per 5,000) 4,300) L Cav 24| A | Tensleep 4,775 
106 21 Quealy CreU 675| 625] S Por 40| A | Steele Sh. 6,931 
107 15 Tensleep Pen 2,700] 2,600) S Por 150} A | Tensleep 2,700 
108 18 Embar Per 2,514) 2,475| L Cav 40| A | Embar 2,514 
109 22 Sundance Jur 1,125} 1,100} S Por 25| A | Tensleep 2,705 
110 16 Embar-Tensleep-Amsden | Per, Pen | 4,255] 3,660] LS | Cav, Por} 270) A den 4,255 
111 38 Aspen CreU 900; 400| H Fis z| MC | Bear River | 2,065 
112 35 Wall Creek CreU 2,950} 2,900) S Por 40| Af - 
113 35 Shale Cre | 1/600 1.200/ H| Fis a| AE | Frontier aol 
114 46 Mowry CreU 600; 400) SH Por 50| A | Madison 4,165 
115 21 Embar Per 800} 700] L Cav 50| A | Tensleep 1,590 
116 28 Embar Per 3,807] 3,775| L Cav 35| A | Tensleep 4,246 
117 Frontier CreU 2,260] 2,210/ § Por 50) A 
118 Dakota CreU 3,550] 3,500] S Por 50| A 
119 Lakota CreL 3,750} 3,700) S Por 40| A Tensleep 5,883 
120 Sundance Jur 4,120] 4,100} S Por 20; A 
121 34 Tensleep Pen 5,886] 5,859} S Por 27; A 
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but it will be held as a reserve for the lines of the Northern Utilities Co. 
extending from Lander, Wyo., to Lewellen, Nebraska. 

The Beaver Creek dome is the south dome of the Beaver Creek 
anticline, a major fold roughly paralleling the Sand Draw line of folding. 
The north dome is called the Riverton dome. It is structurally 75 ft. 
lower than the Beaver Creek dome. 

The Beaver Creek anticline starts at the Sweetwater escarpment 
in sec. 8-31N-95W, and trends northwest to near the south line of sec. 
10-33N-96W, where it swings abruptly and plunges to the north. It is 
cut by a transverse fault in sec. 11 and 14-33N-96W. Structural closure 
in surface beds is a little over 100 feet. 

During the years 1936 and 1937, the Stanolind Oil & Gas Company 
and others conducted scientific surveys in the area, and the location, 
which is on the surface high, was selected after this work had 
been completed. 

Hamilton Dome Field——The Hamilton Dome Field in Hot Springs 
County, Wyoming, was again extended by an operation of Italo Petro- 
leum Corporation, this time about 14 mile northeast but outside of the 
proved limits of the field. The field was extended about the same dis- 
tance northwest in 1937 by the same company. 

The new oil well for Hamilton dome is No. 1 Skelton-Government on 
the SW.SE.NE. of sec. 18-44N-98W. It was completed late in December 
in Embar lime at 2875 to 2901 ft. and pumped initially 73 bbl. of oil a 
day. Drilling started in Thermopolis shale just below the Mowry 
outcrop. The Sundance sand at 1434 to 1450 ft. carried water, which 
was cased off with 10-in. cemented at 1750 ft. The top of the Chugwater 
red beds was logged at 1512 ft. and the top of the Embar lime at 2820 ft., 
with first saturation at 2875 ft. where the 814-in. production string was 
cemented with 200 sacks. The Tensleep sand remains to be tested in 
this well, but because there is a limited market for black oil at present, 
deepening operations are not contemplated. The well to the northwest, 
completed by Italo in 1937, is reported to have obtained its production 
in Tensleep sand at 3206 to 3246 feet. 

Hamilton dome is one of the more important black-oil fields of 
Wyoming. It produces oil of 19° gravity from the Chugwater red beds 
and oil of 26.3° gravity from Embar lime. The oil carries a satisfactory 
gasoline content but its chief value is for blending with oils from other 
fields that carry a gasoline fraction with a low octane number. The 
blending process makes a very good refining oil from which a satisfactory 
octane number can be obtained in the distilled gasoline. 

Shoshone Anticline—The development of the Shoshone antici 
field was started in July 1938, by the completion of Paul Stock’s No. 1 
Bertha M. Rousseau, on the SE.SE.NE. of sec. 20-53N-101W. This is 
not the discovery well of the field but it is an important extension of the 
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producing area. The Stock well was completed in Embar lime at a total 
depth of 4809 ft. and flowed at the rate of 10 bbl. of oil an hour after 
treating twice with acid, a total of 2000 gallons. 

The Shoshone anticline is formed in beds of Frontier age. It is 
5 miles long with 1320 ft. of closure and contains 680 acres above the 
closing contour. This structure has been known for many years and 
numerous tests were drilled in the early development of Wyoming fields, 
which were completed in the shallow Muddy sand at about 800 ft. as 
small pumping wells. From 1924 to 1928 several wells were drilled to 
deeper horizons, some of which developed good showings of oil in the 
Greybull sand. The deep test of the structure was completed in 1929 
by The Ohio Oil Co. in the NW.NW. of sec. 27-53N-101W. This well 
was completed for an initial production of 45 bbl. of oil per day from 
Embar lime at 4752 to 4765 ft., after plugging back from a total depth 
of 4780 ft., where sulphur water was encountered. The top of the red 
beds was logged at 3560 feet. 

Mahoney Dome.—The Sinclair Wyoming Oil Co. began the develop- 
ment of Mahoney dome for oil with the completion, in October 1938, of 
its No. 3 Mahoney, C.SE.NW. of sec. 34-26N-88W, in Tensleep sand at 
4295 to 4486 ft. The well flowed 635 bbl. of oil from the total depth 
through the casing and was then shut in for tankage. Through the 
tubing the well flowed 172 bbl. of oil per day. 

The discovery oil well of the Tensleep sand was drilled jointly by the 
Producers & Refiners Corporation and the Midwest Refining Co., on the 
same forty in which the No. 3 Mahoney well is located. It was com- 
pleted in 1930 and produced about 75 bbl. of oil per day from Tensleep 
sand at 4600 to 4682 ft. after plugging back from a total depth of 4760 ft. 
A shot of 140 quarts of nitroglycerin did not increase the production. 
The oil is of a mixed base and has a gravity of about 32°. 

The Mahoney dome is on the northern rim of the Lost Soldier Basin. 
It is an east-west structure, 214 miles long and 2 miles wide above the 
lowest closing contour. The structure is formed in Niobrara shale and 
is badly covered by wind-blown sands. 

The discovery well of the field was completed in September 1919, by 
the old Kasoming Oil Co., at a location in the SW.SW.NE. of sec. 34-26N- 
88W. It developed a flow of gas estimated at 30,000,000 cu. ft. per day 
from the first producing horizon of the Dakota series at 2160 feet. 

Muskrat Field.—Sinclair Wyoming Oil Co. extended the gas-producing 
area of the Muskrat field in Fremont County, by the completion in 
June 1938 of its No. 2-B Muskrat, NW.NW.NE. of sec. 4-33N-92W, for 
an initial production of 40,000,000 cu. ft. of gas in Lakota (Lower Creta- 
ceous) sand at 5306 to 5320 feet. 

This well is of particular interest because it is on a dome on the 
southwest flank of the main axis of the Muskrat anticline. The folding 
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along the main axis suggests domal structure at this point but detailing 
of the dome by surface methods is impossible because the area is covered 
by an overlap of flat-lying Wind River (Tertiary) beds. A seismograph 
survey made in 1936 by Sinclair Wyoming Oil Co. confirmed the location 
of the structural high that led to the drilling of No. 2-B Muskrat. 

The Muskrat gas field is served by the Sand Draw-Casper lines of 
the Northern Utilities Co. It is one of the more important Wyoming 
gas fields and its reserves are impressive. 


Pire LINES 


The major pipe-line project in the entire Rocky Mountain region for 
1938 was the construction of a trunk line from the Lance Creek field, in 
eastern Wyoming, to Denver, a distance of 232 miles. The line was 
built by the Rocky Mountain Pipe Line Co., which was incorporated in 
Delaware for 5000 shares of $100 par value. Principal capital require- 
ments were met by the issuance of serial notes, of which 55 per cent was 
acquired by Continental Oil Co.; 25 per cent by C. U. Bay, president of 
Bay Petroleum Corporation; and 20 per cent by Fred Goodstein, of 
Minnelusa Oil Corporation. The Bay refineries at Cheyenne and Denver, 
and the Continental refinery, on the Brighton road near Denver, will 
receive crude from Lance Creek through the new line under long-time 
contracts. 

Construction of the line was commenced on Aug. 22, 1938, and it was 
placed in operation on Nov. 1, 1938. The line consists of 136 miles 
of 25.29-lb. 8-in. pipe from Lance Creek to Cheyenne, and 96 miles of 
17.02-lb. 6-in. pipe from Cheyenne to Denver, and has a capacity of 
10,000 bbl. of oil a day. In addition to a complete telephone system 
over the route of the line, pump stations have been built in the field at 
Guernsey and Cheyenne, Wyoming. 


Late in 1938, Continental Oil Co. completed 66.4 miles of oil-pipe — 


line from the Lance Creek field to its refinery at Glenrock, Wyo. This 
line consists of 14.9 miles of 6-in. and 51.5 miles of 4-in. pipe. 

The Mountain Fuel Supply Co. completed a loop system to its main 
trunk gas line between the Bigelow Hills, east of Evanston, Wyo., and 
Coalville, Utah, a distance of 53 miles. The double line is of 18-in. pipe. 
This pipe line is the outlet for gas from the Green River Basin fields in 
southern Wyoming, northwestern Colorado and northeastern Utah, 
which supplies the larger towns in southwestern Utah, and in the Salt 
Lake area. 

The Northern Utilities Co. completed the looping of its Muskrat- 
Casper line in 1938. The pipe used for the loop system was from the 
old Rawlins-Casper line taken up in 1937. 

The Ohio Oil Co. has strung 6-in. pipe from the newly discovered 
Oil Springs gas field to a junction with its Allen Lake-Laramie line, a 


ee 
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distance of 10 miles. The line will be laid and put in operation early 
in the spring. 
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Development of Petroleum Activities in the Argentine 
Republic during 1938 


By Mario L. Vitia* 


Durine 1938, oil activities in the Argentine Republic showed a favor- 
able balance due to the increase in crude-oil production, the incorpora- 
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Fia. 1.—Om-BEARING ZONES, TERRITORY OF CHUBUT. 


tion of new producing areas and the discovery of deeper productive 
horizons. Drilling was as follows: : 


Wells Completed 


Province or Territory 


Productive Dry 
[CA s10) 0} bh pe ean ALA erty iret ere Bee ae ct Mon ok cise gh te 260 24 
INBUQU GHEY, tan peeks ae va ee a TNT ec ee eties 15 4 
Bal tay eeeaks aN aac aes a ace ene er ae ee eee 12, 6 
Mendota. icon ate, Ae nance iene ee 8 5 


Manuscript received at the office of the Institute March 27, 1939. 
*Gerente General, Yacimientos Petroliferos Fiscales, Buenos Aires, Argentine 
Republic. 
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The total production of crude oil amounted to 17,076,243 bbl., an 
increase of 4.41 per cent above the year 1937. The increase of 721,537 
bbl. is exclusively the contribution of the Y.P.F. (Argentine Government 
oil fields). While the Y.P.F. production increased by 1,061,123 bbl. 
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(13.36 per cent above the 1937 production), the production from privately 
owned wells decreased by 339,586 bbl. (4.03 per cent). 

The 14,110,608 bbl. produced at Comodoro Rivadavia (Chubut) 
represent 82.63 per cent of the country’s total production. 

Salta produced 1,777,624 bbl., a decrease of 71,227 bbl., or 3.85 per 
cent, from last year, notwithstanding that Y.P.F. increased its produc- 
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tion with the development of the new horizon in southern Tranquitas 
(Tartagal zone). 

Plaza Huincul’s production was about the same as last year. The 
increase registered in zone 2 as the result of the extension of its productive 
area affected only the last three months of the year and compensated the 
decrease in other zones. 
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Mendoza’s production, 201,142 bbl., represents an increase of 78.26 per 
cent over last year’s production. The increase of 61,152 bbl. shown by 
the Tupungato zone is due to one well, the T.19, which began to produce 
in November 1938. 

Bottom-hole pressure has been determined systematically in the 
newly incorporated productive areas. In the new pool of El Trébol 
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(zone B Chubut) an average yearly pressure of 750 Ib. per sq. in. has 
been determined. In Tranquitas Sud (zone Tartagal, Salta) an aver- 
age pressure of 540 lb. per sq. in. was registered in the upper horizon, and 
of 870 lb. per sq. in. in the deeper one. 

Special mention should be made of the conservation program applied 
by Y.P.F. from the beginning for maintaining bottom pressure in Tran- 
quitas Sud, which up to the end of 1938 produced 1,983,750 bbl. of crude 
oil—also 102,758,000 cu. ft. of gas, which was returned to the formation 
—representing 98.50 per cent of the total obtained with the crude oil 
produced by the flowing wells. A decrease of only 2.30 per cent of the 
bottom pressure was registered. 

Directional drilling was used by the Y.P.F. in Comodoro Rivadavia, 
on the Atlantic shore, to reach oil horizons at points under the sea or at 
other inaccessible places. 

Table 2 gives a summary of exploration wells that are outstanding 
because of their contribution to oil-field developments or information 
obtained from them. Wells 8.121, H.12, E.50 and 8.116 are 25 km. or 
more to the west of the town of Comodoro Rivadavia, and wells H.7 
and H.8 at approximately 30 km. northeast of the same town. They 


TaBLE 1.—Ouil and Gas Production in the Argentine Republic 


Ares Total Gas 
Proved, Total Oil Production, Bbl. a 
atte Cu. Ft. 
Field, Territory or Province Daily 
dof | D D ae | Do End of 
. To End o' uring uring age o End o! 
8 B35) CON | Total i088 1937 1938 during} 1938 
as Nov. 
2 SS) 1938 
g gz 
a aa 
Comodoro Rivadavia, Chubut Territory 
1 FIO DE TA Svettnis actos cise sisvarelevecthaloi ne 31 | 14,510] 14,510} 99,475,979] 5,985,268) 4,973,931] 13,416 156,141 
2 YATTON Date techn IN te area ores 14 | 17,050] 17,050} 42,130,621] 6,477,932] 8,220,627) 22,147 29,095 
3 |. YASUI Pirgt oA air oe aE PORT _.| 21 | 8,707} 3,707} 16,179,244 942,795 916,050} 3,095 9,887 
4 Gono Diss lest eis: 4 24,549 188 . 
Huincul, Ni én Territor 
5 eo. i, st his a oe he ethics 20 138 138 1,601,226 76,794 56,446 126 1,705 
6 WONG 2 victor ki ats Ae tre A 12 | 1,359] 1,359} 3,178,645 378,815 497,948] 1,862 6,543 
if ONC OMe ewe ht let ran ant eee 14 504 504 9,232,223 519,661 425,009| 1,088 9,223 
8 WEG A ee he ak en Le fo bei 4 57 57 43,243 9,995 7,384 23 1,624 
Provi Salt 
9 Be ta <i tiles FR: Oe pee 12 618 618} 3,918,897 367,084 465,083] 1,585 5,893 
10 Zone San Pedros... .<- vel es cues 10 450 450| 8,727,998] 1,368,006} 1,229,299] 3,038 9,417 
11 Zone Aqua Blanca...............| 12 136 136 867,699 113,761 83,242 182 21 
Province of Juju; 
12 S. ehh ¥ MB ee PE TI ike 2 32 32 3,397 1,572 82 
Prowi Mend 
13 SEA lta ey meet ale he 667 667 268,915 71,586 107,307 377 
14 Zone Tupungato......-.....-..: 5 247 247 128,995 14,970 76,122 962 23.8 
15 Zone Sosneado................-- 13 124 124 254,795 26,279 17,718 42 
16 TOG alone write 2. tuotiacscotres 39,599] 39,599| 186,031,426] 16,354,706) 17,076,243) 47,943 229,572.8 
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are within zone B (Chubut) and were drilled by Y.P.F. Well $.121 has 
proved that the horizon being worked at El Trébol maintains its satis- 
factory productivity several kilometers to the east. Well E.12, on the 
same structure, which was considered a deep test, has proved the existence 
of a deeper oil horizon. Well E.50, west of El Trébol, revealed the 
existence of several paying oil sands below El Trébol horizon. Well 
§.116 has shown the existence of deeper horizons of satisfactory produc- 
tion in the Chubutiano. Wells H.7 and H.8 discovered a new, very 
promising oil area. Two different horizons, of good production, sepa- 
rated some 200 m. have been found. 

Y.P.F. started the exploration of the Gran Bajo Oriental with well 
O.1. Although a dry hole, it provided valuable information for future 
exploration work. Y.P.F.’s well SC.2, near Rio Gallegos, has been drilled 
to examine the series of existing formations down to the basement. It 
was abandoned in the porphyritic rocks considered as belonging to 
Triassic age. 


TaBLE 1.—(Continued) 


Total Gas Depth, Oil Production 


Production, . Average Methods at End Pressure, Lb. 
Millions Cu, Ft. Number of Oil and/or Gas Wells in Feet of 1938 per Sq. In.¢ 
During Number of Average 
1938 At End of 1938 Wells at End of 
= 

ss 3 6 Initial 

$\5 | 3 (gl28|.| 2 El. whee |g Alen 

gs} = | = [g2)3c Ble lesley if | ae 138 dul # |e | z3 1937|1938 
zl # Hele. | a1 B asl so Salas lsszesate] &@ | feiss 

E a5/88| & | 3 (Ba) £5 |ES| Ss SEs l-es|2) & | 2 lee 
ni A PW SF15 | @ BF@IEo EOS (BaF Sane & She 

1| 8,827) 7,239/28.6] 2,887] 57] 4 |238 | 1,687) 21 | 1,708] 2,493 | 2,198 |26| 1,651 10] 21 

2) 4,181) 5,438/17.3) 671] 152 81 432) 25 457) 3,772 | 3,674 | 6) 411] 14] 1) 25 630 | 630/512? 
3 600 989) 8.2} 710) 51] 26 |189 323] 21 344] 2,182 | 1,963 323 21 

4 5 2,624 | 2,296 

5 226 226] 0.7 84 121 40) 2 421 1,988 | 1,876 1) 39 2 

6 611} 1,070) 4.6] 150) 12) 1 | 20 98| 7 105] 2,508 | 2,868 |14 83 di) 27 7248 

7 650 611] 1.8) 213 1) 4) 25 134) 9 143) 2,588 | 2,398 133 1] 9 

8 847 10; 2) 3 2 2/ 3,365 | 3,362 2 

9 674 766) 2.5) 162 8) 4] 24 109 109} 1,768 | 1,469 |17 37| 55 640 | 640/625 
10 | 1,201) 1,261) 3.5; 45 2 14 31 31] 2,850 | 2,795 |24 6 1 600 | 540}540 
ll 21 10 2 3 6 6] 4,920 | 4,592 | 1 5 

12 5 2 2) 5,751 | 5,192 2 

13 38 ul 71 26 26) 2,001 | 1,998 | 1 22 3 

14 23.8] 0.7; 12] 1 41} 10 10] 5,891 | 5,881 |10 1,5662} | z 
15 14 2) 12 12} 551 | '544 12 
16 | 17,788) 17,623.8)57.9) 4,516] 295] 42 |619 | 2,912! 85 | 2,997| 3,013 | 2,840 |99 2,688} 108]17) 85 


—_—_—_—_—_—eSSeSeeke aa 


+ Footnotes to column heads and explanation of i 
etdating eke init bene anation of symbols are given on page 240. 
2 Corresponding to the pool of El Trébol. 
4 pe gy ‘e in new — 
orresponding to the upper horizon of southern Tranquitas. 
* Numbers indicate number of injection wells. sew 
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Y.P.F. well No. 294 apparently has found a new oil area in a partial 
structure and at a greater depth than Plaza Huincul’s principal one. 
Standard Oil Company wells H.53 and H.56 and Y.P.F. well NI.2 have 
proved a new extension of good production, in the lower part of the 
Mina Chita structure, west of Plaza Huincul. Y.P.F. well NB.8 found 
only a small amount of crude and was abandoned in the Liassic as 
unproductive. Well NE.10, drilled by Y.P.F. 1000 ft. below the normal 
productive oil horizon, which showed only a small amount of oil, dis- 
covered in the subjacent formations of the Liassic different gas horizons 
with pressures of 300 to 500 lb. Y.P.F. well T.19, a deep test of the 
Tupungato anticline, was the most successful of the year, flowing 2520 
bbl. of crude oil per day from the Rético. 

Well SC.1, on the San Carlos anticline (Mendoza), reached a depth 
of 6580 ft., and is of geological interest because it shows that the Tertiary 
strata lay directly above strongly folded formations of the basement. 

The Y.P.F. well RP.3, drilled in Rio Pescado (Salta), has been pro- 
ductive, confirming that a high-pressure field is being developed. Among 


TaBLE 1.—(Continued) 


Gharacter of Oil, : : Deepest Zone 
Gy nee Average | Character of Producing Formation Tested to End 
uring 1938 Gas, Approx. 1938 
Average 
during 1938 
Gravity A.P.I. 
at 60° F >2 
a8 
8 Pal 
a Btu Sew Name Agee 2m fay po Name 
. pet | i >|. He) 4 [see 
aalsre per | line % lees es TS ras 
g g 3 |S u. | per M 2 Be 3] 8 iy ts Se 
4|.8| 8 |G6]. | Ft | Cu. 212/68] 8 425 as 
2) 8 | 8 tse! 3 Ft 2/8 lee] 2 Bee aS 
eae ae |e By Yom [epee ea es fa 
1 |20.6/24.0/22.3] PA | 854 | 3.74 | Glauconitico y Chub-| Cre | Sand| Por| 29.5) AF 151 | Chubutiano | 7,592 
utiano : x 
2 |20.5/34.6/27.6) PA| 854 | 3.59 | Glauconitico y Chub-| Cre | Sand} Por} 32.8] AF | 129 | Chubutiano | 6,235 
utiano 2 
3 |19.0/22.3/20.7| PA| 853 Glauconitico y Chub-| Cre | Sand] Por| 13.1] AF | 101 | Chubutiano 
utiano 
4 |23.1/23.1/23.1) PA| 853 Glauconitico y Chub-| Cre | Sand| Por | 26.2} AF 3 
utiano 
29.8/33.0/31.4| PA | 904 | 10.08 | Dogger Jur S | Por | 39.3} Mu BED ae. 
; 30.4 31.1/30.8} PA} 904 | 10.31 | Dogger Jur S| Por | 32.8} Mu 13 | Liassic 4,856 
7 |33.0/35.0/34.0| PA | 904 | 11.06 | Dogger Jur S | Por} 55.7) Mu 48 | Liassic 4,202 
8 |37.0/43.2/40.1] PA| 904 Dogger Jur S | Por} 19.7} Mu 8 | Liassic 5,038 
915 | 8.22 |s Ter | § |Por/32.8| A | 45 | Gondwana | 3,852 
10 44.7148. 454 p 915 | 8.22 | 6 Perm}. § | Por| 29.5] A 14 | Devonian | 3,293 
11 |22.8/23.1/23.0| P | 915 | 2.99 |7 Perm} § | Por| 19.7 6 | Gondwana | 4,372 
12 |30.8/33.4/32.1) PA 2.15 | Horizonte Calcéreo | Ter -| LS 32.8 Calcdreo 6,416 
.1/31.1]24.1) PA| 859 | 5.98 | Estratos de Potrerillos| Lias Ss 13y| AF 8 | Liassic 
il 31 1le3 0162.1 Ve 859 | 5.98 | Tupungato Ss Lias 8 16y| AF 6 | Liassic 5,891 
15 }11.0/12.9}12.0) A 859 Titoniano Juras| § 13y| MIF a z 
16 


5 Calc’reo, Areniscas Inferiores, Gondwana. : 
6 Caledreo, Areniscas Inferiores, Gondwana, Devonian. 
7 Areniscas Inferiores y Gondwana. 
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TaBLe 2.—Summary of Drilling Operations in the Argentine Republic 


Important Wiupcats Dritiep In 1938 


Initial 
: Total Deepest . 
Province or : Surface ; . Production 
Territory Location Well a Foruintion rik Drilled by of Oil per Remarks 
2 Day, Bbl. 
1 | Chubut..,......| Comodoro §.121 | 4,661 | Pliocene Upper ell igh 503 
Rivadavia Cretaceous 
2.) Chubutseaeit «at Comodoro E.50. | 5,799 | Pliocene Upper BAe 76 
Rivadavia Cretaceous 
3 | Chubut.........| Comodoro 8.116 | 5,671 | Pliocene Upper MLE 252 
Rivadavia Cretaceous 
4 | Chubut.........] Comodoro E.12 | 5,970 | Pliocene Upper YP, 76 
Rivadavia Cretaceous 
5 | Chubut........ | Comodoro H.7 3,782 | Pliocene Upper Y.P¥. 315 
Rivadavia Cretaceous 
6 | Chubut........ Comodoro H.8 4,505 | Pliocene Upper Ye 723 
Rivadavia Cretaceous 
7 | Santa Cruz...... Gran B. 0,1 4,428 | Lower Upper “| Y Pe Dry hole 
Oriental Tertiary Cretaceous 
8 | Santa Cruz..... R‘o Gallegos |SC.2 | 4,284 | Miocene Triassic YP Dry hole 
9 | Neuquén........] Plaza Huincul | 294 4,856 | Upper Jurassic yer. 283 
Cretaceous 
10 | Neuquén........] Plaza Huincul | H.53 | 2,631 | Upper Jurassic Standard 220 
; Cretaceous Oil Co. 
11 | Neuquén........| Plaza Huincul | H.56 | 2,509 | Upper Jurassic Standard 224 
Cretaceous Oil Co. 
12 | Neuquén........] Plaza Huincul | NI.2 | 2,529 | Upper Jurassic YP 535 
: Cretaceous 
13 | Neuquén....... Plaza Huincul | NB.8 | 4,202 | Upper Liassic YP.F Dry hole 
4 Cretaceous 
14 | Neuquén........| Plaza Huincul | NE.10 | 5,038 | Upper Liassic peel aol oe Dry hole 
Cretaceous 
15 | Mendoza........ Tupungato T.19 | 5,891 | Upper Rético ¥PE 2,520 
Tertiary 
16 | Mendoza........ San Carlos SC.1 | 6,580 i ard Paganzo YP: Dry hole 
ertiary 
17>} -Baltanersniess s: R’o Pescado | RP.3_ | 4,372 Ups Tertiary YEE: 214 
ertiary 
18) Saltace seas Ramos RO 3,920 | Tertiary Devonian ne 31 
0. 
AQ elie sees eaves me Lomitas L.81 2,335 | Tertiary Gondwana Prine 365 
il Co. 
20d) Iu yaeedtos stew « Moralitos 1 1,699 | Tertiary Cretaceous | Ultramar Tn observation 
In Proven Fields | Wildcats 
Number of wells drilling Dec. 31, 1938...............0.0 0.000.050. 29 20 
Number of oil wells completed during 1938...................0.... 265 21 
Number of gas wells completed during 19388...................... 8 1 
Number of dry holes completed during 1988....................... 21 18 


other wells completed in Salta, mention should be made of the Standard 
Oil Company’s Ramos 9, which produced 31 bbl. of crude oil from the 
Devonian, and Lomitas 81, deepened by the same company in the 
northern zone—Tranquitas—which found a very deep oil horizon of 
great productivity. 

With Ultramar’s Moralito 1, exploration activities west of San Pedro 
(Jujuy) have started again. This well is still under observation. 

Y.P.F. has continued geophysical investigations, having one party 
working with reflection seismographs in the Chubut Territory during all 
the year, one in Neuquén for eight months, one in the Province of Salta 
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for four months and one in the Province of Santa Fé during December. 
Gravimetric and magnetometric parties worked in the Provinces of 
Mendoza, Cérdoba and Salta. 


TABLE 3.—Zones into Which Productive Areas of the Argentine 
Republic Have Been Subdivided 


Territory or | 


Province Zones Location Companies 
SEE a oiistey si aro axe A Atlantic coast (Comodoro Ri-| Y.P.F., Ferrocarrilera and Sin- 
vadavia) dicato (Astra). 
B Km. 27, Escalante, Canadén] Y.P.F., Diadema Argentina 
Perdido, Manantiales Behr, |. and Sindicato (Astra). 
El Trébol 
Cc Km. 20, Astra Astra and Solano (Ferrocar- 
rilera). 
D Pampa de Maria Santisima | Y.P.F. 
(Colonia Sarmiento) 
Neuquén........%. 1 Centro Octégono de Reserva | Y.P.F. 
(Plaza Huincul) 
2 Oeste Octédgono de Reserva] Y.P.F. and La _  Repitblica 
(Plaza Huincul) (Standard Oil Co.). 
3 Laguna Colorada (Plaza Huin-| Y.P.F., Standard Oil Co. and 
cul) Astra. 
4 Bajo de Los Baguales (Plaza | Y.P.F. 
Huincul) 
Salta and Jujuy....| Tartagal Tranquitas, Vespucio and| Y.P.F. and Standard Oil Co. 
Lomitas (Departamento de 
Oran) 
San Pedro Sierra del Rio Seco (Depto. de | Standard Oil Co. 
Oran) 


Agua Blanca 
Yuto 
Cacheuta 
Tupungato 
Rio Atuel 
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Agua Blanca and Rio Pescado 
Laguna de la Brea (Jujuy) 
Lujan de Cuyo 

Villa Tupungato 

El Sosneado (San Rafael) 


Y.P.F. and Standard Oil Co. 
Y PBs 

WaPo, 

Ne PAH 

Compafiia Rio Atuel 


Petroleum and Gas in Australia 
By ArtrHur WaADE* 


DurinG the year 1938, there was some drilling in Queensland, New 
South Wales and Victoria, as follows: : 

Queensland.—At Hutton Creek, lat. (approx.) 25° 45’ S.; long. 
(approx.) 149°, drilling was done by Drillers Limited (subsidiary Oil 
Search) to a depth of 4688 ft., to the Lower Permian(?). There were 
small gas showings. The hole was abandoned. 

At Mt. Bassett, lat. (approx.) 26° 20’ S.; long. (approx.) 149°, Roma 
Blocks Oil Co. No Liability drilled to a depth of 4033 ft. The hole 
bottomed in granite. There were small showings of oil and gas above 
bedrock in what may be Permian but is not yet determined. The com- 
pany intends to run a formation tester. 

New South Wales.—At Kulnura, lat. (approx.) 33° 8.; long (approx.) 
151°, the Kamilaroi Oil Company Ltd. (subsidiary of Oil Search Ltd.) 


drilled to a depth of 6293 ft. The Permian, probably Upper Marine 


Series, was reached. Drilling is to continue. 

Victoria—At Romawi, lat. (approx.) 37° 50’ §S., long. (approx.) 
147° 45’, a dry hole 3246 ft. deep bottomed in the Jurassic and was 
abandoned. It was drilled by the Governments of the Commonwealth 
and the State of Victoria. 

At Lakes Entrance, lat. (approx.) 37° 50’ S.; long. (approx.) 148°, a 
small showing of oil (a few pints a day) was obtained from a well drilled 
1275 ft., to the Upper Oligocene-Glauconite series, by the Austral Oil 
Drilling Syndicate, No Liability. 


Future DRILuInG 


Preparations are being made by companies for further test drilling 
in 1939, and the Governments of the Commonwealth and the State of 
Victoria are continuing test holes for information only in the Gippsland 
district of Victoria. 

In Papua and New Guinea, no test drilling was done in 1938, but 
several companies are carrying on geological investigation and it is 
expected that some test holes will be drilled during 1939. 


Manuscript received at the office of the Institute April 10, 1939. 
* Chairman of the Commonwealth Oil Advisory Committee, Canberra, A. C. T., 
Australia. 
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Petroleum in Bahrein Island, 1938* 


Propuction of crude oil in Bahrein Island during 1938 reached the 
new high of 8,297,998 bbl., an increase of 535,734 bbl. over the 1937 
production of 7,762,264 bbl. The monthly average during 1938 was 
691,500 bbl. and the daily average 22,734 barrels. 

To the close of December 1938, a total of 52 producing wells have 
been drilled. During the year 13 producing wells were completed and 
11 wells were drilling or partly completed as of Dec. 31, 1938. The total 
footage drilled as of Dec. 31, 1938, amounted to 165,339 ft., of which 
60,739 ft. was drilled during 1938. 

The production from the main pay comes from a depth of approxi- 
mately 2200 ft. and the gravity of the oil is 33° A.P.I. 


* Information received through the Courtesy of the Bahrein Petroleum Company 
Ltd. Manuscript received at the office of the Institute March 1, 1939. 
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Oil Developments in Canada in 1938 


By G. 8. Hume 
(New York Meeting, February, 1939) 

Turner Valley, on the eastern edge of the foothills of Alberta, 35 
miles southwest of Calgary, continues to be the major oil field in Canada. 
This field began production of gas and naphtha from the Mississipian 
(Madison) limestone in 1924, and until 1936 all wells were drilled for 
these products. At the end of 1938 there were 104 gas wells. 

In 1936 proof was found of a crude oil zone in the same horizon but 
lower on the west flank of the structure, which is a large fold cut off on 
the east side by an overthrust fault of great displacement. Since 1936 
drilling has been done for the development of crude oil and at the end of 
1938 there were 64 crude oil wells. On test through a 1-in. choke these 
flowed at the rate of 50,000 to 60,000 bbl. a day, but on production would 
not be expected to make this volume. The output has been prorated 


TaBLE 1.—Production of Petrolewm and Natural Gas in Canada 


Petroleum, Barrels of 35 Imperial Natural Gas, Thousands 
Gal. (42 U. 8. Gal.) of Cubic Feet 
Province 
1936 1937 1938¢ 1937 19384 

Alberta...................] 1,810,000) 2,796,908/6,742,039 | 17,058,439] 21,792,779 
Saskatchewan............. 92,528 87,422 
Ontario...................] 165,495] 164,197] 172,059 | 10,190,334] 10,696,833 
MM AmIbODS cripiertecst omeie mar 600 600 
New Brunswick............ 17,112 22,549) 19,277 576,629 581,832 
Northwest Territories...... 5,399 11,371} 22,854 

Total...................| 1,498,006] 2,995,025|6,956,229 | 27,918,530) 33,159,466 


« Bureau of Statistics, Ottawa. 


according to the capacity of the Prairie market. 


During the harvest 


season, when the demand for oil and oil products was at its maximum, 
the allowable production of Turner Valley was 28,363 bbl. per day. 
With the arrival of winter, this was cut to 11,500 bbl. per day but later 
was raised to 12,500 bbl. Production in 1937 from Turner Valley was 
2,767,221 bbl., which was more than double that of the previous year. 
Production in 1938 was 6,691,075 bbl., which is considerably more than 
double that of 1937. 


Manuscript received at the office of the Institute Feb. 10, 1939. 
* Bureau of Geology and Topography, Department of Mines and Resources, 
Ottawa, Ontario. 
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Production of crude oil in Canada and the production in Alberta, 
where the larger part of the oil is produced, is shown in Tables 1 and 2. 


TABLE 2.—Production of Petroleum in Alberta 


Field 1936 1987 19384 Field 1936 1937 19384 
Turner Valley..... 1,278,000] 2,767,221) 6,691,075] Skiff........... 300 
Red Coulee....... 17,000 13,790 14,458] Taber. ......¢.. 600 15,098 
Wainwright-Rib- Moose Dome... 600 3,064 
SUOME Ne eeicee ee 8 14,700 14,697 18,344 
Total........] 1,310,000} 2,796,908] 6,742,039 


2 Bureau of Statistics, Ottawa. 


In Turner Valley 36 crude oil wells and one dry hole were drilled 
during 1938. The deepest well on the west flank reached a depth of 
10,209 ft., finding oil in the upper zone of the Madison limestone but salt 
water in the lower zone, thus determining the western edge of the field. 
The two porous zones are within the upper 450 ft. of limestone but sepa- 
rated by a hard band. Turner Valley now has two productive areas. 
The larger of these, in the south end of the field, has a proven length of 
5 miles and a proven width of about 2 miles. Various estimates of the 
recoverable oil content have been made, one of which, on evidence taken 
before the Tariff Commission, placed the amount at 17,000 to 23,300 bbl. 
per acre. The other area, 10 miles north of the proven south area, is not 
so well defined but has several producing wells over a length of more than 
214 miles. The area between the north and south proven areas is all 
structurally favorable for oil, although at one place a dry hole has been 
drilled and hence at least a small part of it will be unproductive. From 
the most northwesterly well in the north proven area, the structure 
extends several miles farther to the northwest and the amount of pro- 
ductive territory on it will be determined by the subsurface trace of the 
major thrust fault, which cuts off Turner Valley on the east side, and by 
the depth of the oil-water line. 

Foothills.—In the foothills outside of Turner Valley, there is a small 
amount of production from the Devonian limestone of Moose Mountain, 
35 miles west of Calgary. This areais a limestone outlier in which drilling 
begins 2000 ft. below the productive limestone horizon of Turner Valley. 
One well, drilled to a depth of 1680 ft., began near the top of the Devonian 
and obtained a small volume of oil, which, however, is said to be coming 
from a fracture rather than a porous zone. The well will be deepened. 
The structure is a large anticlinal fold and could become an important 
field if porous reservoir rocks occur at greater depths. Another foothills 
test of the Devonian limestone is being drilled on Clearwater River, 
80 miles northwest of Calgary. Above a depth of 1300 ft., 70 ft. of 
porous limestone saturated with oil and gas has been encountered. The 
well was drilled with a diamond drill and the hole has been reamed out 
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and 3-in. casing inserted. No test has yet been made. This structure 
is also an anticlinal fold several miles long by 1 to 2 miles wide. Wells on 
the Birch Ridge uplift northwest of Turner Valley, on the so-called 
Watson structure, 55 miles south of Turner Valley and on the Bearberry 
anticline 60 miles northwest of Calgary, have encountered complicated 
structural conditions without finding production. One well is still drilling 
on the Watson structure. In the Brazeau area of the foothills, north of 
the Clearwater area, an incompleted test has been drilled to a depth of 
4500 ft., starting in Upper Cretaceous shales. Another test on Ram 
River south of Brazeau and north of Clearwater is drilling in a limestone 
outlier in the expectation of testing the Devonian. Still another test 
of a limestone outlier, which in reality is part of the Livingstone Range, 
is being made on Savannah Creek about 30 miles south and west of the 
south end of Turner Valley. No results are yet available. 

On the Plains.—On the plains only a few wells in rather widely scat- 
tered areas were drilling in 1938. A test that was started in the Peace 
River district of Alberta in the same general area, as a gas well with an 
initial flow of 10,000 M cu. ft. per day, was completed in 1923. South of 
the Ribstone area of eastern central Alberta, where there are two wells 
each yielding heavy oil at the rate of about 20 bbl. per day, a third well 
reached a saturated oil sand at 2034 ft. This well was shut down for the 
winter. East of this area, at Vera, 28 miles east of the Saskatchewan- 
Alberta boundary, oil with a gravity of 10.9° A.P.I. was found. The 
volume is not known. Further drilling in Saskatchewan is anticipated 
in 1939, because of the need of more gas to supply the city of Saskatoon, 
for which a franchise has been granted. At present the only commercial 
gas supply in Saskatchewan is obtained from the Lloydminster field, 
where a number of wells have been completed. Some of these contain 
gas in large volume and at least two have given evidence of the presence 
of oil. A number of others, however, have failed to find commercial 
production of either gas or oil, and the original gas well, completed in 
1934, was showing water in 1938. For a number of years this well was 
the sole supply of gas for the town of Lloydminster but with the drilling 
of other wells a supply beyond the needs of this town alone is now avail- 
able. A new well is being drilled in the same general vicinity on the 
Alberta side of the provincial boundary. 

Ontario.—In Ontario the most interesting development during 1938 
took place in the vicinity of Watford, Lambton County, east of Sarnia. 
A small production was obtained in 15 wells from Devonian limestone 
at a depth of 365 to 480 ft. The largest well had an initial production 
of about 100 bbl. a day. Although some dry holes have been drilled, the 
field is not yet completely outlined. As presently developed it is over 
2 miles long by 1 mile or more wide. No important new gas fields were 
discovered in Ontario in 1938 but the Brownsville field near Tillsonburg 
in Norfolk County is still being developed. 


Petroleum Developments in Colombia during 1938 


By O. C. Wueerter,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


DurRinG 1938, Colombia witnessed greater activity in oil prospecting 
and development than in any previous year in its history; more wells 
were drilled, more potential production established, more geological and 
geophysical work was accomplished, and more leases and concessions 
were acquired. Many companies, including the Texas, Socony Vacuum, 
Richmond (subsidiary of the Standard Oil of California), the Shell, and 
Tropical, contributed to this activity. Probably the most noteworthy 
development was in connection with the Barco Concession, which forms 
part of the Maracaibo Basin in eastern Colombia, adjacent to the Vene- 
zuelan frontier. There a great deal of preparatory work was accom- 
plished in addition to camp and other construction, 20 producing wells 
were drilled and work was begun on the construction of a 12-in. pipe line 
to transport the oil to the port of Covenas, a distance of 260 miles. It is 
reported that 58,000 bbl. daily initial production was established during 
‘the year and is awaiting an outlet through this pipe line. 

_ Leasing and exploratory operations in Colombia continued active 
throughout the year; applications were made for concessions covering 
more than 1,100,000 acres of national lands and, in addition, leases were 
taken up on large areas of privately owned lands. Under Colombian law 


TaBuLE 1.—Ouzl and Gas Production in Colombia 


Line Number 


Total Oil Production, Bbl. 
Je, 
F ears 
Field e to En qd Daily 
938 2 3 
g To End of During During auee: 
1938 1937 1938 Nov. 
1938 
PSE EAN GAS; ISOTEANGET «cielo snore: orsivia cies oie -cici/s/eecalapeieleistae 20 118,208,539 6,481,173 | 5,472,791 | 14,557 
Da eiiar Caran SGNUINAEP He Me, scl ae wis)cree Nate oletctenia sie or.ct 519. 6 12 109,494,542 | 13,816,673 | 16,108,797 | 46,957 
Buldoas Monae, SAMEGMAET. fs. se scare oie 4 i5's:ehapsiaioin diate sate w crave pila » 105; 
4| Petrolea, Santander del Norte..........-....0.000eeeeeee 6 180,879 28,878 60,461 19a 
5 | Rio de Oro, Santander del Norte...............0-00ceeee 18 21,632 2,963 18,669 45 


1 December, 1938. 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Chief Geologist, International Petroleum Co. Ltd., Toronto, Ontario. 
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subsoil rights are reserved to the nation on all lands granted after Oct. 28, 
1873, and all private titles granted prior to that date carry both surface 
and subsurface rights. As a large part of Colombia was settled in 
Colonial days, much of the land was acquired before 1873 and, therefore, 
carries mineral rights. Leasing activity was not confined, as in previous 
years, to the Magdalena Valley and coastal area, but extended into the 
more inaccessible llanos of eastern Colombia. 

Most of the geophysical work was carried on in the Magdalena Valley, 
but some work was done in eastern Colombia as well. Various types 
of geophysical instruments were used, including principally the seismo- 
graph and gravity meter. Extensive areas of Colombia have now been 
mapped photographically both in the Magdalena Valley and in eastern 
Colombia. 


OPERATING COMPANIES 


Colombian Petroleum Co.—By the completion of 22 wells on the Barco 
Concession during 1938, the productive areas of the Petrolea and Rio de 


TaBLE 1.—(Continued) 


Number of Oil and/or Gas Wells Depth, Average in Feet Oil-production Methods at End of 1938 
During 19388 Number of Wells 
,| Completed Bottoms of | To Top of —| Injection 
.8| to End of Productive | Productive into Res- 
g 1938 Wells Zone ervoir 
z, Completed | Abandoned Flowing | Pumping | Miscellaneous 
o 
g 
5 
1 470 1 2 1,000-2,600 400-2,200 5 
: 500 110 0 600-4294 | 400-3.950 } 46 \ 597 \ 31* 
4 29 17 0 440-3,007 396-1,381 29 
5 6 3 0 1,170-1,615 | 1,130-1,585 5 
Character of Oil, Approx. ‘ Deepest Zone 
‘Average during 1038 Riocita Producing Rock ree to End 
Gas, Approx. ~ of 1938 
Average 
Gravity A.P.I. during 3008 zs 
at 60° F. 8.8 
o 
e 2 fase] Depth 
& Name Agee we A pee of 
g/l atest] | nsupe w Hoe Hig eel on ce 
UU. = 2 * rey 
fala teeeelg| oF B |e gel 2 ees a 
st ca > a 
2) 2/8 ig4| 2 2 | & ERs) § |25e 
1/35 |28 0.90) A 1,050 A,B,C zones} Olig, Eoc 8 15-22/50-200) AF | 17 | Cre 4,048 
2/27 20 | 25.019 90 A 1050 | A) B, Czones Olig Hoo | |15-25/50-175 AF] 1 | Cre 7,983 
oc AF 4 |C 
4 147.5137.7/43.8 Cogollo CreL L& Sit A 7 Croft 3,007 
5 |89.5/82.5/38.6 Catatumbo | Koc 8 A 3 | CreL | 6,717 


Footnotes to column heads and explanation of symbols are given on page 240. 
* Number of injection wells. 
7 A, asphalt. 
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Oro structures were extended, and several additional areas were being 
tested. Seventeen producing wells were completed in the Petrolea field; 
one dry hole, and three producers with a total initial daily potential of 
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Fic. 1—AppLicATIONS FOR LEASES ON NATIONAL LANDS IN CoLomBiA, 1931-1938. 
4844 bbl. were completed in the Rio de Oro field. A wildcat well on the 
Leoncito faulted anticline was abandoned as a dry hole at a depth of 
3045 ft. and at the end of the year a test well was drilling on the Carbonera 
fault zone at a depth of 1397 feet. 
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TABLE 2.—Status of Applications 


Date Accepted 


Area, 


Hectares? 


Apr. 5 


Aug. 1 
Oct. 5 
Dec. 3 
Mar. 15 
Mar. 16 
Dec. 5 
Dec. 5 
June 22 


Sept. 1, 1936 
June 4, 1937 
July 9, 1936 


Date Awarded 


Putana (Sogamoso) | Mar. 1, 1933 


Sept. 22, 1936 


Sept. 28, 1937 


Sept. 19, 1934 
Mar. 2, 1938 


Sept. 15, 1938 


Feb. 22, 1938 


Mar. 15, 1988 


16,927 
100,000 
44,954 
100,000 
49,000 
42,336 
49,199 
36,015 
19,328 


27,040 
45,905 
42,546 


7,430 


33,476 


50,000 


49,232 
49,906 


47,810 


44,258 


49,636 


Num- . 
ber on Company District 
Fig. 1 
AppiicaTions ACCEPTED IN 1938 But Concessions Nor Yer GRANTED 
3 | Juan de Dios Gutierrez....... Rio Cimitarra 
4 | Compania de Petroleo.Shell de 
Colombiazt.. nace tte.) ast: Colombia 
5o| Roberto Pefiae ais) os. o.2 sl. sell EUG SioU. 
6 | Texas Petroleum Co..........| East Colombia 
7 | Richmond Petroleum Co......} Rio Simiti 
8 | Mora & Pelaez Hnos......... .| Rio Minero 
9 | Jaime Gutierrez..............] Buenavista 
10 | Carlos de Narvaez............| Buenavista 
Te ebrederick Re ivyadl ames aan Rio Sogamoso 
APPLICATIONS ACCEPTED BEFORE 1938 BuT ConcEssions Not YET GRANTED 
12 | Socony-Vacuum Oil Co. of 
Colombiae nes. .fn sue aiae al LOL SOR SINOSO 
13 | Sindicato de Inversiones, 8. A. | Rio Lebrija 
14 | Evaristo Obregon............ Rio Ermitano 
NaTIONAL CONCESSIONS AWARDED 1931-1938 
Tropical Oil Cosme, as see ee 
15 | Sociedad Nacional del Carare 
(under joint exploration with 
Tropicali@ils or) en eae Rio Carare 
16 | Bernardo Mora Concession 
(transferred to Shell, Oct. 27, 
LOST) ex er .| Rio Carare 
17 | Luciano Hexisens ‘Oonssasion 
(transferred to Socony Vac- 
LITUTI) R itromain allt Oar ore ee Rio Sogamoso 
18 | Compania de Petroleo Shell $5. 
Colombiaiede ts scenes es oe Rio Carare 
19 | Compania Colombiana de Po. 
troleos, El Condor...........| Rio Cimitarra 
20 | Consorcio Minero Nacional 
Concession (transferred to 
Shell>»Mar: 38,1938) 5 v.k'). Rio Carare 
21 |Compania de Petroleos del 
Carano ccs te SUR eran ater Rio Lebrija 
22 |Compania de Petroleos El 
Libertadona, wmnaine warmer Barranquilla 


* Approximately 2.5 acres. 


May 25, 1938 


20,141 


Tl, I NT AT RR lg 


O. C. WHEELER 545 


Socony Vacuum Oil Co.—The Socony Vacuum, which holds conces- 
sions covering a sizable area north of the Tropical property and between 
the Rio Sogamoso and the Rio Lebrija, was reported drilling on its deep 
test, Narino No. 1, at about 6500 ft. at the end of the year. Subsequently 
it was reported that this well was to be abandoned and another location 
was being prepared in the vicinity. 

The company carried on extensive geological and geophysical work 
in the central and western part of this area, and in addition was active 
in investigating other parts of the Magdalena Valley and coastal area 
as well. 

Tropical Orl Co.—During 1938 the Tropical completed a total of 
111 new wells on the DeMares Concession, all but one of which were 
producers yielding an average initial production of approximately 435 bbl. 
The completions greatly exceed those for 1937, when only 70 wells were 
drilled. Production from the Infantas and La Cira fields totaled 21,581,- 
588 bbl., of which 275,848 bbl. was petroleum condensate added to the 
crude. A Cretaceous test on the La Cira structure had reached a depth 
of 7983 ft. at the year’s end: On the Putana Concession, well No. 2 
was abandoned at 2793 ft., and well No. 3 at 7522 ft. 

In conjunction with the Sociedad Nacional del Carare, the Tropical 
drilled San Fernando No. 1 to a depth of 4745 ft. before mechanical 
conditions made it advisable to shift the rig to another near-by location, 
where San Fernando No. 2 was spudded in on Dec. 28. In this same area, 
southeast of Puerto Berrio, the Shell company was drilling an exploratory 
well at Zambito, which had reached a depth of approximately 2000 ft. 
at the end of the year. It is understood that this well was subsequently 
abandoned at a slightly greater depth. 


Petroleum Production in Cuba during 1938 


By W. M. O’Connor* anp Roy E. Dickerson,{ MremBer A.I.M.E. 
(New York Meeting, February, 1939) 


Tue production of crude petroleum of the Bacuranao field, Cuba, fell 
off rapidly because no new wells were drilled. In December 1938, the 
total was 15 bbl. per day. The estimated average from this serpentine 
field for the year is 20 bbl. per day. 

The Motembo area produced an estimated average of 160 bbl. per 
day. Production in July was 215,946 gal. of gasoline, or 165 bbl. per 
day. In August production was higher because a new well in the con- 
cession, the Luisa Marcela, produced 189 drums the first day and required 
pit storage. 

The Atlantic Refining Company of Cuba started a deep test upon a 
long, narrow, surface-defined anticline 3 km. south of Remedios, a town 
on the north coastal plain of Santa Clara province, in December 1938. 
The Atlantic Refining Co. is doing extensive seismograph and gravity- 
meter work in Matanzas and Santa Clara provinces. 

The Shell company was rigging for a deep test in western Havana 
province at a location about 2 km. west of the town San Antonio de 
los Banos. 


New Pretrroteum LAw 


More serious attention was given by some of the major oil companies 
to the development of petroleum in Cuba as a result of the passage of a 
Petroleum Law in that country on May 9, 1938. Under the old mining 
laws of Cuba, which gave no special treatment to petroleum, the usual 
provisions giving reasonably satisfactory guarantees to encourage invest- 
ment of foreign capital were either entirely lacking or were so ambiguously 
expressed as to require legislative action. 

Under the new law, Government royalty is fixed at 10 per cent with 
the provision that it will be reduced to 9 per cent on crude petroleum that 
is refined in Cuba. Royalty to the surface owner is 1 per cent. A surface 
tax on a sliding scale from 10¢ to 40¢ per hectare per year is applicable to 
all exploitation concessions granted under the law or adapted to its provi- 
sions. No export tax is payable upon petroleum. Stability of taxation 


Manuscript received at the office of the Institute Feb. 14, 1939. 
* Vice-president, Atlantic Refining Co., Philadelphia, Pa. 
t Chief Geologist, Foreign Division, Atlantic Refining Co. 
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is assured by the stipulation that no alteration of rates established in the 
Law shall be made and no new taxes added during the life of concessions, 
except those of a general character affecting all industries alike. 

The Petroleum Law authorizes the issuance of exploration conces- 
sions for a three-year term, without extension, provided an annual tax of 
15¢ per hectare is paid. The area of each exploration concession is 
limited to 32,000 hectares. Exploitation concessions are granted for a 
period of 30 years, giving the concessionaire preferential right to renew 
a concession at the expiration thereof. The maximum area of an exploi- 
tation concession is 8000 hectares. Such concessionaires enjoy the right 
of expropriation of surface areas necessary for carrying forward their 
operations, right to enter upon properties for geological and geophysical 
work, right to construct all installations necessary for the several branches 
of the industry, Customs exoneration on material imported for a period of 
10 years, as well as the right to import drillers and other technical workers. 

On the other hand, the Petroleum Law requires that a National 
Reserve Area be set aside, representing one-eighth the total area demar- 
cated for exploitation concessions already granted or which may be 
issued in the future. In addition, a continuous drilling obligation is 
imposed upon all exploitation concessions requiring the drilling of wells 
within periods varying from 5 to 10 years, depending upon the area of 
concessions. However, the grouping of concessions is permitted to 
facilitate compliance with this obligation. 


Petroleum and Gas in Ecuador 


By E. Escopar P.,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


TaBLE 1.—Oizl and Gas Production in Ecuador in 1938 


Area Proved, Acres Total Oil Production, Bbl. 
Age, - 
Years Daily 
Bist Santa cries County, red Oil'ad na aN : ee Aver- 
5 ince of Guayas n : an 'o End o During ing age 
3 Se hordesied of 1938] O1 | Gage | Total | “1938 1937 1938 | during 
g Nov. 
a 1938 
o 
=| 
eI 
1 | El' Tambo 7 z 7,538 778 1,577 4 
2 | Concepcion 8 z 68,365 8,440 10,100 25 
P 161,134! 3,658 1,574 y 
Q:| Caritivo ric. cos Sotto at 16 | 2,2rx 2,r02x W 271,007 24,413 50,004 y 
432,142 28,071 51,578 | 199 
H y?| 1,70z,crx | 1,742,222 y 
AN Aone win el aes 18 12,000 | 12,000 | 2 & y|  Sés,ons | | Steers} ge 
18,529,634 | 2,069,622 | 2,119,496 | 5,792 
5 | Carolina and Santa Paula........... P 201 P 355,997 37,587 26,516 y 
W 2,000 0; 2,000 W 142,515 15,889 40,477 y 
498,512 53,476 66,993 161 
Total Gas Production, : Depth, Aver-| Oil-production Methods 
Millions Cut. Fe: Number of Oil and/or Gas Wells age in Feet at End of 1938 
| During | At End of 1938 Number of Wells 
z 
> a wl 
3 3 = |s € |) ES | Se 
2 /e|¢ [4214 |ylyleels (S| 42/52 (£8 Fla, 
gl) | 4 es g= 3 00 z ales|8 |.23 & | ge ae » | & | ss 
“| 3 ge | ge |S/2/83| 22/29) 3 | gs | es alelal3 
ite a ; 5] gs e| 854/28 |Fe| 2/32 /S3 12) 8 |2|2 
Ble}a ie tae 5 Sle A e(a "jet ial a | & | 
i] 2 z z 6| 3|0 | 0 6} Oj] 611,200] yl 0} 6| O| O 
2) 2 x C] 6}; 1] 1 0 4 0 4 y y| 1 3 0 
Pe gooey y 0 y 30 28| 2] 79) Py 0 
i # ® {Ww 151] 6}y | 1] 8i 81 | 1,000| zzz , 


H 182] 4} 2 0 | 167 | 167 | 3 3,z2z} 31 | 136 0 | 2G 
al 5.74 L 344 all 13 0 vy | 2yy | 289 | 1,200} laze] 0 | 289 0; 0 
526 | 32 |14 3uy | 456 31 | 425 
Lae ee 4 y y 30 22 
40; 1)0 0 29 0} 19} 600 1| 28) Py4| 0 


Manuscript received at the office of the Institute Feb. 21, 1939. 
* Civil Engineer, General Inspection of Mines, Petroleum Zone, Libertad, Ecuador. 
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TaBLE 1.—(Continued) 
SS 


bese one of Oil Deepest Zone Tested to 
. per pprox. Average Producing Rock 
Sq. In.é during 1938 : End of 1938 
Gray- ; 
Average at ity 8 
End of pee a 8 
i] 
60° F Kove 
acwoO 
ag 
Name Ages 3 aa Name 
5 gm As 
a 2 > a8 38 ; 
| 1937 |1938| gg | 8 Bilej3s |t lee asf 
2 38 |2°] - 2/3| 68 | 2 |e ag 
: SE les) 3 e}2) Sf |B lee a: 
=i ETA! a Sul ull pete | cater am 
31 z z| 34 y |Naph.| Socorro(?) _| Eoc § Por z| y | 0 | Socorro 1,300 
2 fe z| 38 y | M |Socorro(?) | Eoe 8 Por z| y | 2 | Atlanta sandstone / 3,500 
3 P 18 Py Olig and |Ss is 6] H | y 
y|™M recent Por Atlanta sandstone | 3,993 
a z|W32 W Socorro | Eoc 8 W3,2r2| y |70 
4) H1,050| 1,050) 41 P | Atlanta Eoc iS) Fis 2,500) AF |12 
x z! 36 y |Naph.) Socorro Eoc SH | Por} 200-1,000) y |58 | San José sandstone | 8,053 
P18 Py Olig and |Ss P 5} Hi y 
5 Ce Ziwog \ y | M recent Por Seca sands(?) 1,0506 
Wy Eoc 8 We ral ay hee 


@ Footnotes to column heads and explanation of symbols are given on page 240. 

1In the same area there are many shallow pits and some wells. These are indicated by P and W. 

2 H means the deep zone at 3,800 ft. for ‘‘ High Cold Test” crude oil; L means the shallow zone at 1,200 ft. for ‘“Low Test” 
crude oil. They occur in the same area. 

3 Gal. gasoline per M cubic foot: H, 0.88; L, y. ‘ d 

4 aus crude oil from the shallow pits is collected in cans and poured into wooden barrels, which are rolled to small stor- 
age tanks. 

5 P, paraffin; M, mixed, 

6 Still drilling. 


Production of Oil in Egypt in 1938* 


(New York Meeting, February, 1939) 


At the end of June, 1938, a new oil field was opened in Egypt, the 
Ras Gharib. Five wells were completed during the year and gave a 
total production of 512,988 barrels.!_ In the Hurghada field production 


was as follows: 


HurGuapba FIELD 


Age of field to end of 1938, years..................... 25 
Producing area for gas and oil, acres.................. 1,050 
BARRELS! 
Total oil production to end of 1988................... 81,207,754 
Total-oil production during 1937k.-).- ed eee ee 1,141,356 
Total oil production during 1938..................... 1,019,520 
Average oil production per acre to end of 1988......... 29,719 
Average oil production per acre-foot to end of 1938..... 243 .6 
Daily average production in December 1988........... 2,603 . 54 
Daily average production per well in December 1938... 34.90 
Mruions Cv. Fr. 
Total gas production (Aug. 1925 to end of 1988)....... 4,356.7 
Total gas production durin gel93 (eee ot eee 222.5 
Total gas production during 1988:.............../... 167.6 
Maximum gas daily average of 1938 (in May)......... 0.6 
WELLS 
Number of producing wells completed to end of 1938... 100 
Number of producing wells completed during 1938... .. 3 
Number of wells abandoned during 1988.............. 2 
Producing wells at end of 1938 Sy ee, ae 78 
Abandoned wells at end of 1938.. Me a 22 
Drytwellsiationd of: LO385....2 sat dee Gia eee 21 
Frrt 
Average depth of bottom of producing horizon......... 1,720 
Average depth of top of producing horizon............ 1,598 


- Character of oil, approximate average in 1938: specific gravity at 60° F., 
0.900; base, mixed. 
Character of gas, approximate average for 1938: gallons gasoline per 1000 cu. ft. 
of gas, 6.4. 
Main producing formation: Nubian sandstone, Cretaceous (?); sand rock and 
sandstone. 


* Information received through the courtesy of the Controller of the Egyptian 
Department of Mines and Quarries, Dawawin P. O., Egypt. Manuscript received 
at the office of the Institute Feb. 11, 1989. 

‘ Figures were given in E, tons. A conversion factor of 6.98, based on 0.900 sp. gr., 
was used to obtain the number of barrels.—Ed. 

550 


Petroleum in France and French Colonies 


By H. pr Cizancourt* 


TasLeE 1.—Oil and Gas Production in France and French Colonies 


Area Proved, y F F Number of Oil and/or 
Neres Total Oil Production, Bbl.1 Gas Wells 

38 Darieg At End 

8 Field, Department 22 Ee Com- we ae 
Nd . . RO 

ZS) Oil | Gas!Total| To End of | During | During | $3 | pleted a) bo 
E Bsj° 788) i938 | 1937" | 1938 | Z’m| to End SRB) 3 
ye) >& | of 1938| & |e) SC la3 
2 (aes m5 A isiSaise 
=I a alg SBE he sie 

France: 

: Approx. 
1 Pechelbronn, Bas Rhin..| 203) 7,462 15,146,586) 491,750 | 502,6492) 1,400) 4,050 | 70/21) 701) 701 

Morocco: 

BOQ Sseat. 
BOM Sk 
2) Bon Draa< BO11...... 2| » 222/18.5|240.5 26 9 
ODF Re aste 
BO24...... 
Ts26 bis...... 17,199 | 27,706 
wee epee 
Se benapanttee 2 39.5 43 5 
8 Teelfats pag7 oi. 
TSAO oct 2 5 
fy ence 
Algeria: 
4 Tiowanetes je tess: 27! 1,820 
1Qriginal ‘‘tons’”’ converted on ratio of 1 ton = 7 barrels. 2291,207 bbl. by wells, 211,442 bbl. by mining. 
Depth, Oil-production Character of Oil, : Deepest Zone 
Average Methods at Approx. Average Producing Formation Tested to End 
in Feet End of 1938 during 1938 of 1938 
Nimber of Wells Gravity A.P.I. at ~ 
60° F. se 
Else |28 = N A » ee N: 

Sim fee : +2 ame ee 45! 3 ame S 
Blas eeaieizig| w | 2 | 2 (else e |S ea 8 ‘si 
7, | 85 2) 3.2/8) -3. a | 8 | 8 |eglec # |B 5| 8 Ag 
e|SES ESE] gs 5|  s & | 2 | 35 85/2 8 |sel 2 ic 
ASaF Cereals) & |S |S |etam|s S27 | & am 
1] 1,322} 820- 690|11|3 shafts |0.950)0.850/0.880|0.03) P) Olig to ‘| Olig, Jur, | SD AF | Permian | 5,151 

3,051 Triassic | Ervasoc and — 
granite 

3,114) 465 a Limestone | Toarcian 

609} 570 fa} Limestone | Toarcian 
2 633} 540 fo Limestone | Toarcian 
954) 750 | x Limestone | Toarcian 
477| 420 a Limestone | Toarcian f 
744) 714 | x Limestone | Domerian 15 Domerian 
651} 627 | x Limestone | Domerian 15 Domerian 
789| 732 x Limestone | Domerian 15 Domerian 
3 867| 770 z Limestone | Domerian 15 Domerian 
732| 699 x Limestone | Domerian 15 Domerian 
345) 270 Eg Toarcian | Toarcian 15 Toarcian 
limestone 
4 


¢ Footnotes to column heads and explanation of symbols are given on page 240. 


Manuscript received at the office of the Institute March 14, 1939. 
* Compagnie Frangaise des Pétroles, Paris, France. 
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' Taste 2.—Summary of Drilling Operations in France and French Colonies 


Important Wildcats Drilled in 1938 


Location Total Deepest 
Country Depth, Surface Horizon Drilled by Remarks 
Ft. Formation Tested 
Lat. Long. 
France: : mae : 
1 Pic St. Loup....... 43° 45’ N.|3° 50’ E. | drilling | Liassic Domerian 
2 St. Marcet........ 43° 7’ N. |0° 45’ E. | drilling 
3 Pezenas........... 43° 30’ N./3° 30’ E. | 3,792 Dry hole 
4 Gornies........... drilling 
French Equatorial 
rica: 
VOuOst4 casiy a cose 1° 45’ S. |9° 30’ E. | 3,290 | Sands Grey limestone | Syndicat d’études} Dry hole 
Cenomanian(?)| Aptian(?) et de recherches 
: petroliéres 
Madagascar : da 
6 Ambohidr anomora |19° 30’ 8. |45° E. 3,182 Sandstone, Syndicat d’études| Dry hole 
Triassic (?) 
Maree: é : 
Daharen Nsour.... 2,572 nen Salt (Triassic) | Syndicat d’études} Dry hole 
urassic 
8 Djebel Harricha. .. 4,954 | Pliocene Helvetian Syndicat d’études| Dry hole 
) Bou Mimoun...... 7,274 | Pliocene Cretaceous Syndicat d’études| Dry hole 
About 34° 20’ N. mar 7 
10 Mohamed Chleuh..}\ and 5° 45’ W. 2,368 | Cretaceous Triassic salt | Syndicat d'études} Dry hole 
Greenwich marls ‘ 
11 Karig peeectcikead 1,132 Scekaconys Eocene marls_ | Syndicat d’études} Dry hole 
mar! 
12 Gueddara......... 8,261 | Cretaceous Domerian Syndicat d’études} Dry hole 
- marls limestone 
Tunisia: 
13 El Haroune........ 7,352 | Sahelian Lutetian marls | Syndicat d'études} Dry hole 
14 TAO MAES: PE ce 37° 5’ N. |9° 50’ E. | 2,582 | Causmanian | Aptian marls | Syndicat d’études| Dry hole 
15 Rhazaouane....... 35° N. 9° 30’ E. | 2,854 | Barremian Barremian Syndicat d’études} Dry hole 
36° 20’ N.}9° 10’ E. marls 


ee 


Petroleum Development in Germany during 1938 


By Wauter KavENnHOWwEN* 


Tue crude-oil production of Germany without Austria during 1938 
amounted to 3,864,518 bbl., representing an increase of 21.7 per cent 
over the 3,173,373 bbl. produced in 1937. Adding the Austrian produc- 
tion, the crude-oil production of the new German Reich totaled 4,259,717 
bbl. during 1938, representing an increase of 25.3 per cent compared with 
the respective figures of the previous year. 

According to published official data, and using a conversion factor of 
1 metric ton equaling 7 bbl., the oil production of Germany in 1938 was 
as shown in Table 1. 


TaBLE 1.—Ozl Production in Germany 


j Percentage of 
Production Percentage of Ti ccensoroesies 
i 1938, Total G 

— ab. Production 1938 See ees 
INE IU DA CIA ea ees core Foyt i Nes gai conn 2,507,330 58.8 ST ono 
WHEUZG Sete Pe ee he ale hain oo AS we 304,136 (gaa — 2.9 
CO DEr Per are eine nara teem ste 118,321 2.8 — 21.0 
All other fields of the Altreich...........| 934,781 22.0 +230.9 
LEO ULL ae A ES fet sl cccRan te eosane nie dink eek» 3,864,518 + 21.7 
Ostriin nicmmrermmeriw ter faa. ates teltes Tieainsae a 395,199 9.3 + 70.8 
Grancdsto baleen tea cubtkaee dei eh es 4,259,717 100.0 + 25.3 


A semiofficial publication! states that the program of the crude-oil 
industry for the second year (1938) of the four-year plan was successfully 
accomplished. According to the same source, new drilling developments 
at the following localities were promising: Reitbrook near Hamburg, 
Heide in Holstein, Eicklingen-Sandlingen near Celle, Steimbke near 
Nienburg, Worms in the Rhine Valley, Gifhorn near Braunschweig, 
Mélme near Oberg, and at other places. The drilling activity for oil is 
illustrated by the figures in Table 2. 


Manuscript received at the office of the Institute Feb. 20, 1989, 
* Deutsche Vacuum Oel A. G., Hamburg, Germany. 
1 Ztsch. Oel und Kohle (1938) No. 46, 1059-1064, 
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TABLE 2.—Drilling Operations in Germany 


Meters Drilled by Wildcat Wells 


Total Meters Meters Drilled 

Year Drilled in Productive 
for Oil Fields With Government |Without Government 
Subsidy Subsidy 

1932 62,384 .32 49,330.07 13,054.25 
1933 84,053.85 54,088.01 29,965 . 84 
1934 141,848.03 74,915.69 37,239.27 29,693.07 
1935 172,523.29 99,230.78 52,884.98 20,407.53 
1936 179,297 .60 91,337 .96 66,167.35 21,792.29 
1937 204,348.15 85,364 . 86 35,244.61 16,970.30 
19382 220,000.00 90,700 .00 57,700.00 41,600.00 


@ Estimated. 


About half of the meters drilled during the last few years were drilled 
by wildcat wells, two-thirds of which were subsidized by the Government. 

The total accumulated oil production of Germany from 1872 up to 
and including September 1938 amounts to 5.05 million tons, or about 
35,000,000 bbl., of which 53 per cent was produced from 1872 to 1932 and 
47 per cent from 1933 to September 1938. 

The deepest well drilled for oil in Germany during 1937 was Wien- 
hausen No. 10, near Celle, with a total depth of 3400 m. (11,152 ft.). 
The deepest well in 1938, Holstein No. 14, near Heide, was abandoned 
at a total depth of 3818 m. (12,523 ft.). 


Search for Oil in Great Britain 


By A. H. Tarrr* 
(New York Meeting, February, 1939) 


DurineG 1938, the exploratory drilling by the D’Arey Exploration Co. 
_ Ltd., subsidiary of the Anglo-Iranian Oil Co. Ltd., was continued. 
The original basis of the search for oil and results to the end of 1937 have 
already been described.1. During 1938 two further wells were drilled in 
the south, making a total of five wells completed in that part of England. 
Test wells were also commenced in the Midlands, East Yorkshire and 
Scotland, where one well, which proved natural gas, was completed 
during the year. 

Southern England.—The test well at Kingsclere, in Hampshire, which 
at the end of 1937 had reached a depth of 5032 ft. in the Lower Lias, 
entered the Trias at 5060 ft. and was abandoned in that formation at a 
depth of 5125 ft. A shallow test well was also drilled near Pevensey, 
in Sussex, to test the lower horizons of the Wealden series and the Purbeck 
and Portland beds. Traces of oil were encountered in the Wealden 
series but no production was obtained and the well was abandoned at a 
depth of 842 ft. in the Kimeridge clay, which underlies the Portland beds. 

A geological borehole was begun north of Lulworth in Dorset, where 
the outcropping Wealden series, Lower Cretaceous, is strongly impreg- 
nated with oil, to determine whether a more pronounced pre-Albian 
anticline underlies the very gentle arch of the unconformable Upper 
Cretaceous. Drilling is not yet completed. 

Nottinghamshire, Lincolnshire and Y orkshire-—Geophysical investiga- 
tions were continued in the eastern part of England where the structural 
conditions of the Carboniferous rocks are concealed by an unconformable 
blanket of Permian and younger sediments. Seismic methods failed to 
confirm the structural picture obtained by the previous gravity traverses, 
but confirmation of a structure near Ollerton, Nottinghamshire, which 
was suspected on evidence from colliery workings, was obtained. A 
location was made for a test well on this structure. 

Eskdale No. 1, begun on the Eskdale pericline near Whitby, in York- 
shire, to test the magnesian limestone of Permian age, was abandoned at a 
depth of 2486 ft. in the Trias after protracted fishing operations. A — 


Manuscript received at the office of the Institute Feb. 10, 1939. 
* D’Arcy Exploration Company, Ltd., London, England. 
1 Trans. A.I.M.E. (1937) 128, 579; (1938) 127, 660. 
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second well, approximately 100 ft. from the first, entered the upper 
limestone of the Permian at 4196 ft., and had reached a depth of 4204 ft. 
by the end of the year. 

Midlands.—A site was selected in 1937 at Gun Hill, in North Stafford- 
shire, to test the lower Carboniferous limestone as a possible source of oil; 
it was in this limestone that oil was found at Hardstoft in Derbyshire in 
1919. At Gun Hill the lower Carboniferous. limestone was entered at 
1535 ft. Cores from the shales and thin limestones overlying the main 
limestone showed abundant evidences of oil but the limestone itself was 
barren and on test produced only slightly saline water with a specific 
gravity of 1.003. Drilling was continued to 3861 ft. during the year. 
It was considered possible that thick shales might be developed in the 
lower Carboniferous and that production might be secured from lime- 
stones at lower horizons, but deepening proved this supposition erroneous 
and showed little further prospect of obtaining commercial production. 
Drilling was continued, however, principally to secure information of 
geological value. 

The Hardstoft well, which had a pumping production of approxi- 
mately one ton of oil a week, was reconditioned, deepened to 3272 ft. 
from 3127 ft., and acid-treated. Extensive production tests have not 
yet been carried out but reservoir connection is greatly improved as a 
result of the acid treatment. 

A series of shallow holes was drilled in the seepage area of Coalport- 
Coalbrookdale in Shropshire, to determine the origin of the seepage oil. 
The results of these boreholes showed that the oil is confined to the thin 
and only locally developed Coal Measures of the upper Carboniferous. 


ScoTLAND 


The well to test the oil-shale group of the lower Carboniferous was 
completed at a depth of 2917 ft. on the D’Arcy-Cousland anticline near 
Edinburgh. Several promising sands were drilled through and drill- 
stem tests proved a natural-gas production of over 10 million cubic feet 
per day with a small showing of oil. A second well, sited approximately 
200 ft. structurally lower than the first, had reached a depth of 616 ft. 
by the end of the year. A third well was located 2 miles north of the 
first, to prove the northerly extension of the structure, and drilling will 
commence early in 1939. 

In Fifeshire four shallow boreholes were drilled for structural informa- 
tion on which to base a decision to drill with an objective similar to that 
at Cousland. 

The first of a series of shallow boreholes to determine the nature of 
the Pentland fault, in which Devonian rocks are faulted against rocks 
of Carboniferous age, was commenced at the end of the year. The 


A. H. TAITT Don 


Pentland fault forms the western boundary of the Midlothian Carbonifer- 
ous basin, on the eastern side of which is the D’Arcy-Cousland anticline. 


DRILLING BY OTHER COMPANIES 


Three other companies, the Anglo-American Oil Co. Ltd., the Gulf 
Exploration Co. Ltd. (Great Britain) and Steel Brothers & Co. Ltd., 
were also carrying out geological and geophysical work and test drilling 
in Britain during 1938. For the following details of the operations of the 
two latter companies I am indebted to the companies concerned, who 
have kindly provided me with the necessary information. 

The Gulf Exploration Company (Great Britain) Ltd. drilled a well at 
Penshurst, in Kent, after a seismic investigation of the structure, to a 
depth of 5600 ft. during 1938. The well was started at the end of May in 
Lower Cretaceous strata and after traversing a normal series of Jurassic 
and Rhaetic entered the Carboniferous at a depth of 4630 ft. The 
well was abandoned after drilling difficulties in September, in limestones 
of the lower Carboniferous. No gas or oil shows of importance were 
encountered. Geophysical (seismic and gravimeter) investigations, 
accompanied by surface geological work, were also carried out by this 
company in southern and western England and in the Cleveland Hills in 
Yorkshire. The latter investigations are being continued. 

Steel Brothers and Company Ltd. completed a well begun in 1937, 
on the northern end of the Derbyshire dome near Edale. They drilled 
to 757 ft. in the lower Carboniferous limestone but found it watered 
and abandoned the well in October 1938. During the course of drilling 
gas was struck at 126 ft., having a pressure of about 20 lb. per sq. in. and 
a volume of 4000 cu. ft. per day. The gas was mostly methane with a 
little ethane and a smell of sulphuretted hydrogen. This gas was 
exhausted in a few days. There was a smell of oil at 126 ft., a spot of 
oil on a joint plane at 291 to 296 ft., a show of oil on the first water 346 
to 370 ft., a spot of brown oil in a fissure 585 to 588 ft., spots of green 
oil and brown elaterite 602 to 606 ft. and again spots of green oil at 
617 to 618 ft. and 637 to 641 feet. 


Petroleum Developments in Hungary and Czechoslovakia 
in 1938 


By Branpon H. Grove* 


(New York Meeting, February, 1939) 
HUNGARY 


THE rapid development of the Budafa-Puszta field during 1938 
advanced Hungary a considerable distance along the road to self-suffi- 
ciency in domestic crude-oil supplies. Seven wells were completed in 
the field during the year, at depths averaging 4100 ft., and there have 
been no dry holes. Initial productions have ranged from 150 to about 
400 bbl. per day. At the end of the year daily average production 
amounted to about 1400 bbl., which is equivalent to 33 per cent of 
Hungary’s daily internal consumption. 

Production increased somewhat in the Government-controlled oil 
field at Biikkszek, also discovered in 1937, but nothing occurred to alter 
previous indications that this field would be capable of only relatively 
insignificant development. A further test of the Miocene-Oligocene 
basin containing the Biikkszek field is being made by a well now drilling 


TaBLE 1.—Ovl and Gas Production in Hungary and Czechoslovakia 


Area Proved, Acres Total Oil Production, Bbl.1 
Age, 
Country, Field awe 

of 1937 23 
Oil bea Gas | Total | To End of During = 
“J 1938 = 1938 > 
£ as oo io] 
: = 

= 
a a ei 
B E ay 
a sh 
1 | Czechoslovakia, Ghely (Egbell).............0.. 25 200} y | 200 | 1,648,445 | 93,618) 107,586 y 
2 Czechoslovakia, Hodonin (Gdding)............ 19 165] y | 165 | 870,233 | 31,890} 26,465 y 
8 | Hungary; Bikkegek........0.c00ceeclecsseve 2 192 Of, 20 e02 50,364 | 9,300) 41,064) 237 
4| Hungary, Budafa-Puszta.................... 2 1,200} 25 | 1,225 293,630 | 9,843) 283,787) 1,371 


sss sss sss SSS 
1 Conyerted from metric tons at average specific gravity of crude. 


Manuscript received at the office of the Institute Feb. 14, 1939. 
*Socony Vacuum Oil Co., Inc., The Hague, The Netherlands. 
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at Recsk. In December this well had reached 1600 ft. in the Lower 
Rupelian (Middle Oligocene) without important shows. 


i _ > ON FIELD Miskole 
hs GUKKS: EK 

Nagy Batony of ger 
Meso Kovesd 


Debrecen ji 
@ ta 


\, OILFIELD 
s BUDA FAPUSZTA 


Scale 1: 2,300,000 
[eee | 
0 50 100 Km. 


0 Exploration well 


Fic. 1.—LocatTions oF NEw HUNGARIAN OIL FIELDS AND WILDCATS IN PROCESS OF 
DRILLING. 


The success at Budafa-Puszta encouraged the Government to resume 
its exploratory drilling in the Great Hungarian Plain east of the Danube, 
and at the close of the year State wildcats were drilling at Nagybatony 
and at Mezékévesd (Fig. 1). 


TaBLE 1.—(Continued) 


P Depth, Oil Production 
Total Gas Production, . P Pressure, Lb. 
Millions Cu. Ft. Number of Oil and/or Gas Wells oe in Methods 3 End per Rada 
Duri Average 
1938° | AtEnd of 1938 | Number of Wells at End 
S = 
ee Re) 
foe) b 
sl 2] 5/2 Beles =a 9] ea bere 
g| 3 | 2/8 |s=/2=/3 = ga\22/82| = 2 3 w 1937|1938 
z| z 2 aries) 2/3 so(sdigclg| f2 | 82/2) 8) F | s 
a|@)e| 8 2e88) 2] 8 |Sassesiss| 2/53/68) 2 | s |S 
a) 8 AMS S| a Bla iaCe"| «2 = Ni Uae aS an er 
1 | 27y uf y | y | 88y} 2y) y | ly} Sy) vy] y 790 540 y 0 y al eawin| 
46 12 y y| y| ly 485 425 y y y y|- 2 | 2 
3 5 0 0 0 35. at B 0 12 0 | 12 340 335 0 8 4 40) 30 | 30 
4 | 590 | 325'| 558 | 25} 10} 9] O/}1 8| 0] 8 | 3,805 | 3,674 8 0 0 (1,050) y|] y 


el A Sd) Tn Se ee ee ee ee 
@ Footnotes to column heads and explanation of symbols are given on page 240. 
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Maort Operations 


During 1938 the Budafapuszta field was further developed by the 
completion of seven oil wells and one gas well, which brought the area 
proved for oil and gas up to 1196 acres. At the end of 1938, seven out 
of the total of ten wells completed to date were producing 1500 bbl. a day. 

The small gas well completed during 1938 is located about 149 miles 
east of Budafapuszta No. 4. It is capable of producing 300,000 cu. ft. 
of gas daily. 


TaBLE 1.—(Continued) 


Character of Oil, Approx. . . Deepest Zone Tested 
Average during 1938 Producing Formation to End of 1938 
Character of 
Gas, Approx. 
Average 
Gravity, A.P.I. during 1938 7 
at 60° F. 4 s* 
2 = a8 Es 
© | Base? 23 | Name | Agee ; Pes Name ey 
g ‘ of g AM x 3 
a £35 ~ S8i< isscs q 
slalgizelc| |e: | 3° & || 22/2 [Eee = 
2\ 5] 8 eel | SS 2/%|G8| 8 Bes 4 
2| 2 |g (82/3 26 | a8 4/5/38] 8 |332 = 
Ala Bla faa) d ola | ae als a Qa 
1} 40 | 20] 21 fo.25] P| y | y [aemmetl | Mio |sH| y| 23 [AF] Ty | Flysch (Kocene?)| 5,122 
2! 40 | 18 | 27 ly A y y | Sarmat Mio |SH} y]| 25 |AF| 3y | Mediterran (Mio)| 2,411 
3| 40 | 31 | 34 |0.50) P y y |Repelian | Olig |SH| y 18 |AF| 18 | Carboniferous 2,296 
4| vy} y | 40 ly P y 1 |Pannon | Pli SS | 25] 75 JA 0 | Sarmat | 5,799 


2 A, asphalt; P, paraffin. 
TABLE 2.—Summary of Drilling Operations in Hungary and Czechoslovakia 


Important Wildcats Drilled in 1938 


Location Total 
are ot Se) a | Depth tis Bark i . 
Country, District Ft. Formation ach ere Drilled by Remarks 
Lat. | Long. 
1 | Hungary, Transdanubia,...| 46°30’ | 16°45’ | 4,920 | Pliocene Upper Miocene | Maort Testing shows in 
2 | Hungary, Alféld........... 47°35’ | 20°40’ | 2,296 | Quaternary | Upper Miocene | Government parr Eon —o 
3 | Hunhary, Alfold........... 48°55’ | 20°30’ | 3,000 | Quaternary | Lower Oligocene | Government | Drilling in Lower 
Oligocene 


Hungary Czechoslovakia 


Wells a ee 
In Proven ‘ In Proven . 
Fields Wildcats Fields Wildcats 
Number of wells drilling December 31, 1988..................-.00. 4 3 v 0 
Number of oil wells completed during 1988........................ 1 
Numper of gas wells completed during 1988....................... 0 oe 0 
Number of dry holes completed during ADEE ci rctiicsipis ooeteonintinac tie 13 0 uv 1 


a 


———— 


ee es 


mentee 
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One dry hole was drilled by Maort, the Mihalyi No. 2. This well 
reached a total depth of 8226 ft. and tested a small amount of carbon 
dioxide before it was abandoned. 


CZECHOSLOVAKIA 


Production in Czechoslovakia was essentially static during 1938. In 
the last months of the year the Apollo company succeeded in finding a 
southern extension to the producing area of the Hodonin field, which 
promises to materially increase its production. Production in the 
Government-owned Gbely field increased moderately as the result of 
successful wells within the proved area. 

Work was actively begun on the oil-mining project at Sokolnice, near 
Brno (Briinn), and at the end of December a mine shaft had been sunk 
to 120 ft. (projected depth about 260 ft.). Work has also begun on 
equipment for refining the oil sand as it is mined. It is reported that an 
experimentally successful process has been devised for refining the crude 
directly from the sand. 


Petroleum in India and Burma in 1937 
(New York Meeting, February, 1939) 


Tue production of petroleum in India (including Burma) increased 
from 334,811,624 gal.! in 1936 to 350,322,222 gal. in 1937, the highest 
figure in the history of the industry. The increase in 1937 was due to an 
increase of some 20 million gallons from Singu, 514 million gallons from 
Attock, 114 million gallons from Thayetmyo, and 1 million gallons from 
Digboi, accompanied by decreases of 914 million gallons from Yenan- 
gyaung and 2 million gallons from Yenangyat. 

The amount of gasoline produced from natural gas during the year was 
10,616,313 gal. in Burma and 456,780 gal. in the Punjab. 

Yenangyaung Field——The Yenangyaung field maintained its reputa- 
tion of being one of the most wonderful oil fields in the world. The total 
production during 1937 was less than in the previous year but the 
resources of the field as a whole are sufficient to ensure an adequate supply 
of oil for many years. At the end of 1937 there were 2910 wells producing 
in the field. Besides a large number of wells drilled to shallow sands, this 
total includes 180 hand-dug wells, whose continued existence is one of the 
interesting features of the field. 

During the year the deep drilling activities of 1936 in the southern 
part of the field died down, owing to the disappointing results obtained. 
On the eastern flank the limit of present economic extension of the oil 
sands was approximately demarcated. 

Satisfactory results continue to be obtained from gas drives in the 
leased blocks; gas is also injected for repressuring and storage. Casing 
policies continue to be carefully designed to protect the oil sands against 
the danger of flooding by water and, in general, production methods 
throughout the field are characterized by a realization of the importance 
of the conservation of oil and gas and the prevention of waste, whether 
simple or underground. 

Singu Field.—In 1937 the increase in the output from the Singu field 
was continued. This increased production was due not only to the rapid 
development of the valuable area in the southern part of the field but also 
to the successful results obtained from the first wells to produce from 
behind the practically completed river training wall of the Burmah Oil 


Reprinted from the Records of the Geological Survey of India, volume 73, pages 
44-49, by permission of the Director of the Geological Survey of India. (The report 
for the year 1938 is not yet available.) 

1 Imperial gallons throughout this paper. 
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Co. At the end of the year the total number of producing wells was 568 
as compared with 480 in December 1936. In addition, a number of wells 
remained cemented above productive sands. These wells can be drilled 
into productive sands in a very short time and the total field production 
substantially increased. 

There has been no radical change in production methods during the 
year under report. The fundamental principle underlying the policy 
of the major operating company at Singu is to make adjustments at each 
well that lead to a maximum oil recovery with a minimum production of 
gas. Wells with high gas-oil ratios are shut in, and the casinghead gas 
remaining after the satisfaction of the field requirements is returned to 
dry gas sands for storage, or to certain areas for repressuring purposes. 
The repressuring operations of the British Burmah Petroleum Co., Ltd., 
continued to give satisfactory results. The dry gas produced from the 
new gasoline-extraction plant is either used in connection with these 
schemes or as fuel. Continuous gas lift on some well producing from 
lower division sands and gas displacement pumping on wells producing 
from upper division sands were continued on small scale, but production 
from the great majority of the wells in the field was obtained by ordinary 
pumping methods. 


TaBLeE 1.—Quantity and Value of Petroleum Produced in India and Burma 
during the Years 1936 and 1937 


1936 1937 
Fields 
Quantity, Gal. ae Quantity, Gal. ay 
India: 
Assam: 
"ig CR ak ate ae ae 64,844,712 |£ 832,542 | 65,718,437 |£ 843,760 
Punjab: 
MELO IG IOe amen acmtc yt 4,396,792 82,646 9,939,420 186,831 
etel ee hs 69,241,504 | 915,188 | 75,657,857 | 1,030,591 
Burma: 
AGU AMID Y Uae et oes get es 13,402 12,437 
Mimi Gees tone eee crs eee ee 3,666,403 3,418,311 
Sirie Ween tony Geen the. Aa tut ae. 99,913,727 119,858,608 
sBhavetmyOcrc: Sots aus sa wa 712,455 3.736.805 2,001,180 4,474,147 
Upper Chindwin............ 9.815,672 [8° 2,502,140 |/ 
Yenangyat (including Lan-| 27,147,566 25,067,655 
NANG) oie henee aot Ole Oars eam Orr one 
SWENAMPVAUNG Wok ae. Qe Se + > 131,300,895 121,804,034 
SOCAL ER crore ca ayoyea eo 265,570,120 | 3,736,805 | 274,664,365 | 4,474,147 
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Yenangyat Field——Although during 1937 active development con- 
tinued at Yenangyat, the results obtained were somewhat disappointing 
and a-decline in the total production from the Pakokku district, excluding 
Lanywa, was reported. Because of the large new production obtained 
from the Singu fields, the production from the Lanywa field during 1937 
was still further restricted. An inclined well was commenced during 
the year to tap the known oil sands beneath the Irrawaddy River. Back 
pressures are maintained on nearly all the wells in this model field, which 
is operated by the Indo-Burma Petroleum Co., Ltd. While a number of 
wells are pumped from a central power, the majority have individual 
pumping motors. The gasoline plant was operated throughout the year 
and gave a satisfactory yield. 

Minbu District.—In the Minbu district at the close of the year there 
were 374 producing wells. The total production showed little change. 
Apart from routine production there was very little activity in the dis- 
trict during the year. 

Indaw Field.—There was a welcome increase during 1937 in the total 
production from the Indaw field. All producing wells were sabi Sci 
operated by the automatic gas-lift system. 

Thayetmyo District—In the Thayetmyo district, while there was a 
slight decrease in production in the Padaukpin field, that of the Yenanma 
field showed a considerable increase. An extension of the known pro- 
ducing area was proved in this field. During the year, the Burmah 


TaBLE 2.—Imports of Kerosene Oil into India during the-Years 1936 


and 1937 
19362 1937 
From 
Quantity, Gal. A oetod Quantity, Gal. Bs Bacio 
Union of Socialist Soviet Repub- 

LICH rors. ceachemtaarent scorecard ale 43,451,896 |£ 933,726 | 27,377,419 |£ 686,405 
ARUN Ate ys aes Aviat Ane 286,000 7,442 308,000 8,006 
Trane Ox trenac! cA tise ae elie ate 6,189,381 97,299 8,218,665 227,595 
Burnia seentrast ute Mob ee ee 93,466,680 | 2,840,037 
SUMIBLIAS cra. re ii iva: 8,242,365 262,865 | 27,955,437 647,049 
United States of America........ 185,021 11,766 3,011,333 48,904 
Otherieountriesas..) mies erie fee 868,621 37,534 2,512,597 58,833 

A OtEL Res Pras thcetintac an et 59,223,284 | 1,350,632 | 162,850,131 | 4,516,829 


2 Figures relate to India and Burma. 


> Figures include imports to Burma during January to March 1937. The total 
quantity of kerosene oil imported into Burma during the year 1937 was 1,215,505 gal., 
consisting of 880,000 gal. from foreign countries and 335,505 gal. from India, including 
8204 gal. of foreign oil. 
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Oil Company’s deep test well at Monatkon was abandoned at 8319 £ti; 
as no productive sand had been encountered. 

Kyaukpyu Field—The output from Kyaukpyu remained at. its 
usual low level. 

Digbot Field.—In Assam, output of the Digboi field increased slightly. 
There has been no drilling in outside areas in the Assam Valley. 

Surma Valley.—In the Surma Valley there was no production. A 
final test. of the well at Masimpur showed that the horizons penetrated 
were of no value and the well was abandoned. The results of this well 
indicated that the structure underground was not as would be expected 
from the surface evidence, and resistivity observations were therefore 
carried out and a large number of holes were drilled on both flanks of the 
anticline to obtain geological evidence from the rocks hidden beneath the 
alluvium. The results of this work again showed that unexpected struc- 
tural complications occur and at the end of the year seismic observations 
were about to start in a further attempt to ascertain the shape of the 
structure at depth. In addition, it is proposed to drill a deep hole in 
order to obtain cores from a considerable depth. 

The Punjab.—In the Punjab the Attock Oil Co., Ltd., operated the 
Khaur and Dholian fields. In the Khaur field the deep test for the 
limestone was successfully cemented and is at present at 5440 ft. in 
limestone formation and is being tested. Results however are disappoint- 
ing, as the well is showing a considerable quantity of water with only a 
small quantity of oil and it does not promise to be an important producer. 
Shallow drilling has continued but has given only moderate results. 

Dholian Field.—In the Dholian field two deep wells were brought on 
to production in May and November 1937, respectively, which have been 
steady producers. In the Board’s report dated Feb. 2, 1938, these wells 


Taste 3.—I mports of Fuel Oils into India during the Years 1936 and 1937 


19362 1937 
From ; 
Quantity, Gal. one Quantity, Gal. oe 

Union of Socialist Soviet Repub- 

IVES). <3,“i9 ANc eno Ol aL ey cer eee eens 3,456,847 |£ 36,425 
inein.., “UR re eee 104,798,306 | 1,126,961 97,611,519 |£ 962,927 
oOrumCOs (BTS ewes vee. eee 10,549,735 155,020 13,050,640 200,593 
Borneo (Netherlands)..........| 12,318,009 150,234 5,426,441 73,762 
Other countriesees..-. 2.5.5. 5,731,554 64,112 11,720,456 149,781 

RGAE 3.0" ote ee a 136,854,451 | 1,532,752 | 127,809,056 1,387,063 


es a ee eS ores 
* Figures relate to India and Burma. 
’ Figures include imports to Burma during January to March 1937. The total 

quantity imported into Burma during the year 1937 was 25,702,623 gallons. 
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were reported as producing 480 and 640 bbl. of oil per day, respectively. 
At the date of writing, the former is producing about 454 bbl. and the 
latter 480 bbl., but the fall in the second well, to a very considerable 
extent, is due to a reduction in size of bean from 54g to under }4 in., 
resulting in restriction of flow. This restriction is considered advisable 
partly from a storage point of view and partly in the interests of eco- 
nomical recovery of production. 

Developments at other drilling wells are as follows: A well encoun- 
tered a good show of black oil at 6200 ft.—probably worth 50 bbl. per 
day—but is being carried down to the deep horizon of the two main 
producers. Another well, which did not get black oil in any appreciable 


quantity, has been drilled to 7553 ft. and is being cemented. Another 7 


well has reached the depth of 3020 ft. New sites have been selected for 
additional wells. 


TaBLE 4.—Exports of Paraffin Wax from India during the Years 1936 


and 1937 
1936¢ 1937 
To 
Quantity, Value, Quantity, Value, 
Tons¢ Pounds Gal. Pounds 

United iKingdonieen tk eens 17,3867 |£ 555,181 9,400 £315,840 
Germany sans stews fis Wee 165 5,211 
INetherl ssi dS: ies eas cet cae te eee > 4,335 138,597 994 31,451 
Belgium 3 tharaaetesies skerernmonnre sk. 2,465 78,526 974 30,870 
Ta Lyk ee deaeceesem reeteeee tc canyeecns caer nn 860 27,166 
CHING AE A aioede te lie cane ei ok ee 1,277 40,282 1,841 52,333 
Unionvot, SoutheArrica:! sass eie ork 2,753 86,782 1,903 54,858 
Portuguese Hast Africa............. 4,259 134,462 2,085 60,493 
CaDa dain. Sit rane as cee ee ee creas 2,044 64,442 835 26,368 
United States of America........... 190 6,000 755. |, (24,106 
IMIG) dlclonene Woe treats ase ancy amen en eee 1,500 48,158 2,475 89,066 
Colum bia teeptrecaiwtce aha eet 3,354 107,882 1,254 39,588 
(And CR ee an ag rr peneerh, Tih net Rar 2,300 72,631 650 20,526 
PA TIStT SIA eet, aor nctcin ct gaten Nana eee ae 740 23,463 127 4,011 
Othericountries wa.cceie een 976 30,319 1,294 43,036 

AT Ota) et sree cgtices cca cc Aeon ahs oe 43,725 1,391,936 25,447 819,711 


* Figures relate to India and Burma. 
' Figures include exports from Burma during January to March 1937. 
¢ Long tons. 


Petroleum and Gas in Iran during 1938 


(New York Meeting, February, 1939) 


Masyid-i-Sulaiman.—There have been no new developments in 
the Masjid-i-Sulaiman oil fields during the year 1938. In spite of the © 
age of this field, the fall in dome pressure shows no appreciable variation 
from the low rate of about 0.3 lb. per sq. in. per million tons net produc- 
tion. Drilling has been limited to deepening old wells and to new wells 
required for maintenance of production and general reservoir control. 
The rate of offtake has been reduced over the past few years, partly 
because of depletion of the oil column, and it is expected that future 
offtake from the Masjid-i-Sulaiman field will be stabilized for some years 
at around the present figure of 3,000,000 tons per annum. 

Haft Kel.—An exploratory well to test deeper formations in the Haft 
Kel field has proved the existence of productive conditions in the Eocene, 
which underlies the Asmari limestone (the main producing horizon). 
Drilling to the northwest in the white-oil springs area has revealed the 
presence of a separate structure with productive potentialities. One well 
with a satisfactory production rate has been completed. Offtake from 
the Haft Kel field has steadily increased since it first came on to produc- 
tion in 1929. 


TaBLEe 1.—Production of Crude Oil in Iran 


Masjid-i-Sulaiman® Haft Kel Total 


Year 
Tons Barrels? Tons Barrels Tons Barrels 


1937 | 4,375,112 | 33,110,000 | 5,693,849 | 43,480,000 | 10,068,961 | 76,590,000 
1938° | 3,562,000 | 27,240,000 | 6,638,000 | 49,990,000 | 10,200,000 | 77,230,000 


¢ Net production; i.e., excluding surplus products reinjected to reservoir. 
> To nearest 10,000. 
¢ Actuals to November with an estimate for December. To nearest 1000 tons. 


Naft-i-Shah.—Production from this field has continued to supply 
market requirements in northwest Iran. The policy of returning 
‘surplus products to the reservoir, which was adopted at the beginning of 
1936, has been continued. 


Received through the courtesy of the Anglo-Iranian Oil Co., Ltd., London, Eng- 
land. Manuscript received at the office of the Institute Jan. 31, 1939. 
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Gach Saran.—Delimitation of this field continues steadily. Two 
additional producers comparable in capacity to those reported last year 
have been completed. No forecast can be given regarding the size of 
this field until edge water has been struck, but the zone proved so far is 
approximately 20 miles along the strike and 5 miles across at its widest 
part. Considerable survey work is proceeding in connection with the 
piping of oil from this field to the coast. 

Other Areas.—Exploratory drilling is being undertaken in other 
areas within the company’s concession. At Agha Jari, which is some 
55 miles southeast of Haft Kel and 70 miles northwest of Gach Saran, 
a deep boring has indicated the existence of productive conditions. 
On the Lali structure, some 20 miles northwest of Masjid-i-Sulaiman, a 
well has penetrated 1200 ft. of Asmari, with meager production, and 
further wells are being drilled but at this juncture no reliable indication of 
the potentialities of this structure can be given. At Pazanun, adjacent 
to and southeast of Agha Jari, two wells have encountered gas at con- 
siderable depth. 

General.—No new developments in drilling technique can be reported. 
Considerable research into pressure drilling and mud flush problems 
has been made, and is still continuing, with the object of coping with the 
great depths and high pressures already encountered and anticipated in 
future developments. 


carmen eee er calender ee 


Oil and Gas Development in Iraq during 1938 


By Brn B. Cox,* Mrmper A.I.M.E. 
(New York Meeting, February, 1939) 


Oi produced in Iraq for export during 1938 was 31,354,090 bbl., or a 
daily average of 85,901 bbl. This is an increase of 182,614 bbl., or 0.5 
per cent over 1937. All oil exported was produced from the Kirkuk field. 

.The Khanaqin Oil Company, Ltd., a subsidiary of the Anglo-Iranian 
Oil Company, Ltd., continued to supply local market requirements from 
its Naft Khaneh field in the Transferred Territories. 

Slightly more than 32,000,000 bbl. was produced in Iraq, a small 
part of which was used in field operations. During the year 12 wells 
were completed and 9 wells were drilling at the end of the year. Of the 
completions, 5 were producers and 1 was an oil-water level observation 
well in proved fields, and 6 were listed as failures. 


BASRAH CONCESSION 


The outstanding event of the year was the granting, by the Kingdom 
of Iraq, of a 75-year concession embracing approximately 89,000 sq. 
miles to the Basrah Petroleum Company, Ltd., a British company with 
French and American participation. The concession covers all parts of 
the Kingdom, its territorial waters, islands, submerged lands, and its 
interest in the Neutral Zone separating Iraq and Saudi Arabia that 


TaBLE 1.—Ouzl and Gas Production in Iraq 


Total Oil Production, Bbl.1 


Field Years 
to End 
of 1938 Daily 
gz To End of During During Average 
1938 1937 1938 during 
| Nov. 1938 
a 
5 
UREA RAMI RE a, Nie bis wy cle p< goAE ish aca kielace sects piel sate ae ate 11 126,158,192 | 31,171,476 | 31,354,090 | 81,496 
Qaiyarah-Najmah-Jawan-Qasab: 
2 iris Gad vice: 0s Oe Rae Gee Oo ReR ROO gO Ia4 0 0 0 0 
3 Continuous limestone zone...............+ 60052055 11 0 0 0 0 
4 TENSE Cot Zhan, ey oa os iI oe OO aa OO Se oa 4 0 0 0 0 


1 Qil delivered to the Mediterranean pipe line converted at an average of 7.6 bbl. per ton. 


Published by permission of the Near East Development Corporation. Manu- 
script received at the office of the Institute March 2, 1939. 
* Geologist, Socony-Vacuum Oil Company, Inc., New York, N. Ny 
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were not already under concession to the Iraq Petroleum Company, 
Ltd., Khanagin Oil Company, Ltd., and British Oil Development 
Company, Ltd. 

A geological survey of the concession was in progress at the close of 
the year. 


B.0O.D. CoNncESSsION 


Up to the end of 1938 no merchantable oil had been found in the 
British Oil Development Company’s concession. Approximately 18,000 
bbl. of road oil was supplied to the Iraq Government free of cost under 
the terms of the Convention. 

Three productive wells were completed in proved fields. Exploratory 
drilling below the Continuous Limestone zone in proved fields, and 
exploratory drilling on unproved structures resulted in six failures during 
the year. 

Mosul Oilfields, Ltd., through its operating subsidiary, the British 
Oil Development Company, Ltd., has drilled on 18 structures in its 
concession. A nonasset reserve of black oil ranging from 12.2° to 19.5° 
A.P.I., with a sulphur content of from 6 to 11.8 per cent, has been 
developed in eight structures. The production is from the Lower Fars, 
Continuous Limestone zone, and the Pilsner. Two structures have been 
tested to the Jurassic, and one structure was being tested in the Paleozoic 
at 9012 ft. at the end of the year. This is the deepest bore drilled in 
Iraq to date. Exploratory drilling was continuing with nine rigs at 
the end of the year. 

Geological exploration continued throughout the year. 


I.P.C. ConcrEssion 


All drilling by the Iraq Petroleum Company, Ltd. was confined to 
the Kirkuk field. Two new producers and one oil-water level observa- 


TABLE 1.—(Continued) 


Deptn, (ean | Character of Oi, A 
Number of Oil and/or Gas Wells Average M Aes Pate ae ELS 
. ethods at Average during 1938 
in Feet | nd of 1938 
During Number of | Gravity A.P.I. 
1938 At End of 1938 Wells at 60° F, 
7 Completed | Bottoms of 
Z to net of waa ae : 
porarily | Producing Total a . g & 5 
4 Completed | "ghut | Oil Only | Producing Flowing | 6 | 8 ¢ a eike 
A Down a| 8 or oS | 8 
3 =| |- vat Q 
1 38 2 21 17 17 2,194 17 36.2/35.5/36.0) 1.8 M 
2 2 0 2 0 0 650 18.4/18.1|18.2} 6.0 M 
3 43 0 43 0 0 690 19.5)12.2)15.8| 6.7 | M 
4 7 3 a 0 0 1,500 18.4|12.6|17.0|7.0-11.8] M 
a ee em a et 
2M, mixed, 


BEN B. COX al 


tion well was completed during the year. The producers were drilled 
to better distribute the 85,000-bbl. daily offtake from the producing area. 
Of the 11 dry or near-dry holes listed on Table 1, 10 are oil-water level 
observation wells. 

No test has been drilled below the Globigerina marls, which immedi- 
ately underlie the Main Limestone in the East Tigris concession. To 
date the Iraq Petroleum Company, Ltd. has drilled nine structures in 
the East Tigris concession. Eight wells on four structures were aban- 
doned above objective for mechanical reasons or because of high pres- 
sures. “One test on another structure found noncommercial black oil 
in the Main Limestone similar to West Tigris oil. The remaining tests 
were suspended above objective in order to concentrate on the unitized 
development of the Kirkuk field. 

Pressures, gas-oil ratios, and edge-water movement were satisfactory 
at Kirkuk. All wells were produced by flowing. Experimental acidizing 
was carried out on one well. To improve efficiency, a fourth unit was 
added to the stabilization plant, so that before the end of the year 100 
per cent stabilized sweet crude was being delivered through the pipe line. 

Mediterranean pipe-line deliveries continued normal at both Haifa 
and Tripoli, notwithstanding the political unrest in Palestine. Losses 
due to more than 60 instances of sabotage in the Palestine sector amounted 
to less than 0.4 per cent of the throughput. 


TRANSFERRED TERRITORIES CONCESSION 


The Anglo Persian Oil Company, Ltd., through its subsidiary, the 
Khanaqin Oil Company, Ltd., continued normal exploitation of its Naft 
Khaneh field, refining and marketing through the Rafidain Oil Company, 
Ltd. for local Iraq market. 


TaBLE 1.—(Continued) 


Character of Gas 
) : Deepest Zone Tested 
Be av Producing Rock to End of 1938 
os 
Es 
[} 
Btu. | Gal: ge Depth 
per Gasoline Name Agee s wee Name of Hole, 
Cun Ft..| Pet Sel err he's iene Ft. 
Cu. Ft. 3 B 3 8 3 oe} 
Rae ee peal den 
=) 
Soe tan 
y y Main Limestone Mio, Olig, Eoe L Por Af 11 Eocene 4,213 
y y Lower Fars Mio L Por A 0 
y y Continuous Limestone | Mio, Olig, Eoc L Por A 8 Jurassic 4,790 
y y Pilsner Cre L Por AL a 


moore = | Line Number 


¢ Footnotes to column heads and explanation of symbols are given on page 240. 
3 Includes oil-water level observation wells. 


Petroleum Development in Mexico during 1938 


By V. R. Garrias,* MemBer A.I.M.E. 
(New York Meeting, February, 1939) 

Arter a series of fruitless negotiations, the Mexican Government, 
on March 18, 1938, decreed the expropriation of several oil companies, 
and took possession of the properties, offices and records not only: of the 
expropriated companies but of others not legally expropriated. This 
condition prevails to date. 


TaBLE 1.—Production of Crude Oil in Mexico 
THOUSANDS OF BARRELS 


1938 
. Total to End 
helt st Jan.1to | March 18 of 1938 
Expropriation] to End of Total 


on March 18 Year 


Northern (11° to 14° A.P.I.).| 9,828 1,600 4,009 5,609 | 739,581 
Southern (20° to 24° A.P.I.).| 8,294 1,450 2,814 4,264 | 1,022,395 
Poza Rica (33° to 34° A.P.I.).| 18,634 5,308 17,366 | 22,674 69,643 
Tehuantepec (32.5 A.P.I.)...| 9,980 1,770 3,623 5,393 96,035 

Total sal.. f os. ae eee a8, TRO MNO 19s 27,812 | 37,940 | 1,927,654 


TaBLE 2.—Exports of Petroleum and Its Products from Mexico 
THOUSANDS OF BARRELS 


1938 
Products wee Jan. 1 to March 18 
Expropriation to end Total 

on March 18 of Year 
Panuco crude (11° to 14° A.P.I.)........] 5,885 515 1,292 1,807 
South Fields crude (20° to 24° A.P.I.)... 395 0 149 149 
Poza Rica crude (38° to 34° A.P.I.)..... 874 175 2,936 3,111 
Crude easoling te, iment tenn orders vient ite 4,388 1,265 1,547 2,812 
GR STOL Bee Sem, Merman ANEU ee ote Pench cies 2,853 932 2,206 3,138 
Herel (Oils te wor Ba he ene seed apt ieee me Ciel 4,532 630 1,237 1,867 
ABNNALs AS isos os nee SOL al mana aks & 3,049 691 255 946 
FE OTOSENIG Sorc tee aed iee aie on We tae 688 40 36 76 
WSU DTICEI tS Ae eck er A ore 400 27 0 27 
23,065 4,275 9,658 13,933 


Manuscript received at the office of the Institute Feb. 15, 1939. 
* Cities Service Company, New York, N. Y. 
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The expropriation of oil properties is but one incident in a govern- 
mental program which has already included other important industries 
and adversely affected nationals as well as foreigners. 

As was to be expected, expropriation brought about drastic changes in 
the economic picture of the petroleum industry. The daily average 
crude production in 1938, which before expropriation was close to 132,000 
bbl., declined approximately 27 per cent, to 96,500 bbl. daily (Table 1) 


TaBLE 3.—Destination of Petroleum Exports from Mexico 
THOUSANDS OF BARRELS 


1937 1938 
Destination _ Exports 
ee a Gt ieee | Tet 
March 18 

UGE CaS TA LCS ere teak ecicuten cud mae s Hoss 6,856 aOR 2,080 len) 
CeOn Gps ri Cadiliet nie cia teicn cityg cgisess ot. us 5,386 23.4 0 0 
Netherlands West Indies........... 4,299 18.6 0 0 
CELINA NVamE Mate Aiatatin snore aoa 2,521 10.9 5,460 56.5 
PANESETA TE MM tae OR A Slaw nate 705 om 50 0.5 
JSSe1 SUG SA egos hae ee ea a a oe ae 610 2.7 585 6.1 
(CUO SER aaa eate eee ene ae ee 485 2a 0 0 
Brazil. . 419 is 10 0.1 
ISWEC Clletgrntien fatignkes rete ert es 283 bap 397 4.1 
(CHAD oe tse dares eee ene in 213 0.9 0 0 
iki Kige. Selene lee ae AO een ee 186 0.8 309 3.2 
Union of South Africa....... 162 0.7 0) 0 
REET COL ae rT Vane est SY Ea ice yates 156 0.7 248 2.6 
Guatemala..... 131 0.6 0 0 
RD elilen kets See Pah OL eu awl A 0 0 233 2.4 
O Eerste ici ews eine eae 653 2.8 286 3.0 

MO tala e ee Mec trims wae tuctonmouck ot kata tore 23,065 100.0 9,658 100.0 


Exports in 1938 before expropriation averaged 55,520 bbl. daily and 
declined to 33,535 bbl., or approximately 39.5 per cent after expropriation 
(Table 2). The destination of the exports likewise changed (Table 3). 

It should be noted that exports to Germany in 1938 since expropria- 
tion include not only the oil shipped directly from Mexico; that prac- 
tically all the Mexican oil exported to the United States goes under 
bond tobe refined there and the refined products exported, and that 
a large part of these refined products goes to Germany. The actual 
1938 exports of Mexican oil to Germany since expropriation including 
those shipped directly and those shipped indirectly through the United 
States were closer to 70 per cent of the total exports than to the 56.5 per 
cent shown above. 
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Table 3 also shows that since expropriation exports to Italy have 
increased, and that Japan has become a buyer of Mexican oil. Much 
of the Mexican oil exported to Germany, Italy and Japan is paid for 
largely by exchange of manufactured goods. 

Apparently to counteract the decline in exports and the depreciation 
of the peso, a 12 per cent ad valorem tax to be applied to exports was 
created on Aug. 10. The total tax per barrel on Mexican oil exported 
increased as much as 75 per cent after expropriation (Table 4). 


TaBLE 4.—Petroleum Export Taxes, Mexico 
U. S. Cents PER BARREL 


November 1938 
Product ee. eee Increase 
ee | ee |e OMe | dont kd]: okat | aoe 
Valorem Per Cent 
Panueo crude@say. ei ber eal| eae i Pa hey 9.0 10.7 19.7 75.9 
Southfields Uk... oe liek oes 20.4 13.9 10.7 24.6 20.6 
Poza Ricaxerudes 4... 06 ee 13.9 1OS7 24.6 
Crude gasoline...........| 25.2 25.00 20.9 19.3 40.2 56.4 
Hirel oil eres patie we oe 16.8 18.4 P25 12.5 R 32.1 
Asphaltia cat wees ees 2.5 2.5 
Crude kerosene........... 15.2 19.0 14.9 18.0 32.9 73.2 


With the exception of some 300,000 bbl. of Panuco crude that were 
purchased before expropriation, practically all the oil exported after 
expropriation has been paid for largely in barter. Although no direct 
comparison can be made of prices before and after expropriation, it is 
evident that expropriation has brought about a demoralization of the 
entire price structure. To illustrate: At the beginning of the year 
Panuco crude was selling f.o.b. Tampico at 91 to 96 U. 8. cents per barrel, 
excluding taxes, while after expropriation this crude could have been 
purchased for approximately 45 U.S. cents per barrel. After expropria- 
tion Poza Rica crude was sold f.o.b. Tampico for about 72 U. S. cents a 
barrel exclusive of taxes (97¢ including all taxes), but payment was 
made largely on a barter basis. Later in the year, Panuco sold, f.o.b. 
Tampico, for about 65¢ exclusive of taxes (85¢ including taxes) and Poza 
Rica for about 60¢ f.o.b. Tampico exclusive taxes of (85¢ including taxes), 
both sales largely on a barter basis. 


ccinemmmemn dietitian aatie eae rah eT 
——— oe . - sh aueeeeentneeetiaaineeaeens 


Oil and Gas Production in the Netherlands East Indies, 
Sarawak and Brunei 


Total G: 

= Total Oil Production, Bbl. Dail Average Oil Prodiention, 
3 Age, ig sate Production, | Millions Cu. Ft. 
g Years ] . Ania Bb per Well ete 
z 2 ene To End of | During During Decem- me seh During | During 
2 1938 1937 1938 | ber 1938) ““i530%" | 1937 | 1938 
3 
1 Sarawak Sr Orinels oe evens 29 84,910,025| 5,733,000) 6,367,200 18,378 41 8,423)| 3,411 
2 | Balikpapan + Tarakan...... . 43 | 355,766,660) 12,309,000) 12,180,000} 34,161 44 10,903 | 11,302 
0} (Eyes. oh oor, amen eee 42 6,091,705 497,000 563,000} 1,387 29 26 22 
ALAC DORI Crete note oie 51 93,095,286) 7,198,446) 6,969,103} 16,9682 38a 4,526] 4,4972 
DAREMA JOO Het re eek lacs 42 | 261,481,872) 28,118,053) 28,652,568) 41,677z 712 12,5262] 15,3692 
Gules DrAndabint gear, 2 ce sais 53 | 127,050,895) . 6,777,000} 7,509,000} 24,000 162 7,617 | 7,867 

LeRoi an al a Tags 928,396,443] 60,632,499} 62,240,871] 136,5712 39,0212] 42,4682 


1 cu. m. = 35.31 cu. ft. 


Number of Oil and/or Gas Wells Depth, Average in Feet | Oil Production Methods at End of 1938 
ae At End of 1938 Number of Wells 
8 | Completed ) ‘>a a» | Bottoms of | To Top of 
q to a of | 8 3 i ze a ie: reaver Erectors a se 
9. o 6 | FAl-3’8l-a Ee ells one . . as or ot 
Z a | ee a¢ 25 42 Flowing | Pumping | air Lift] Classified 
5 6 | 368 [6° [Eo Jee 
1 590 24 4 44 447 4 495} 340-5,790 | 130-5564 18 394 35 
2 1,447y 86 15 783 3 786} 230-3,280| 210-3,210 28 735 20 
3 84 4 48 2 50} 260-1,020 | 240-1,000 48 
4 160-2,950 | 130-2,880 36 398. 8 
3,896y | 207 11 | 130 |1,483 2 | 1,485 456 
5 290-6,300 | 160-6,200 150 112 323 
6 781 34 4 18 148 166| 3800-4,140 | 260-4,100 77 30 41 
6,804y | 258 34 | 192 '2,9091 11 [3,112 309 U717, e427 456 
Z= | Deepest Zone Tested 
Producing Formation a8 oD En d of 1938 e 
is ga 
Pa > 
a mae Ses i: 
ry ~ Fs is 
z Name Ager | Character/| por Gents | tures! 223 cna ee 
© Fails aS 
3 5 SoA A yy 
1 | Seria and Miri..............0.0.. Mio Ssh 18 Af | 87 | Mirideep shale | 6,180 
2 | Balikpapan-Poeloe Balang and | Pli + Mio SsH, § 10-30 Af | 281y | Poeloe Balang 5,900 
‘arakan A 
3 | Boela formation + Triassic Pli + Tri SsH Af 41 | Triassic 2,400 
4 | Mergelklei—Globigerinae—Orbitoid| Pli -+- Mio S$, SH, LS 15-35 Af 391y | Basismergel 10,000 
es : 
5 Palen bang and Telissa zones i HE Mio + | 8, SH, SS 13-28 Af 376y | Under Telissa 8,800 
‘aleogene 3 
6 | Seuroela~-Keutapang-Grensklei zones] Pli +- Mio §, SH, SS 15-35 Af | 253y | Grensklei 7,700 


e Footnotes to column heads and explanation of symbols are given on page 240 


* Received through the courtesy of N. V. de Bataafsche Petroleum Maatschappij, 
The Hague, The Netherlands. Manuscript received at the office of the Institute 


March 27, 1989. 
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Petroleum Developments in Peru during 1938 


By Ourver B. Horxins,* Memper A.I.M.E. 
(New York Meeting, February, 1939) 


Perv produced approximately 15,838,610 bbl. of oil during 1938, 
which was 1,618,406 bbl. below its production during 1937. As in 
recent years, the entire output of the country came from the La Brea- 
Parinas, Lobitos-Restin, and Zorritos fields, which are all situated along 
the northwestern coast. 

Outside of the proven areas, the drilling of test wells was continued 
by the Peruvian Government on the reserved zone near Zorritos. Six 
wells have been completed or are drilling. Of these one is a gas well 
at 2619 ft. and one is dry at 1415 ft. It is reported that three standard 
and two rotary rigs are being used. In southern Peru, in the Pirin 
region north of Lake Titicaca, the Government made a geological study 
of the National Reserve. In eastern Peru, the Cia. Petrolera El Ganso 
Azul continued its activities in the montana region, where its first well 
was reported to have had a show of oil at 1000 feet. 

There was also renewal of leasing activity in eastern Peru, where 
approximately 380,000 acres of new leases were filed on near Contamana. 

La Brea-Parinas Estate-—Production of crude oil on this property of 
International Petroleum Co. Ltd. amounted to 13,137,988 bbl. which was 


TaBLeE 1.—Oil and Gas Production in Peru 


Total Oil Production, Bbl. 


Hse 

. = 

Field, Department to End Daily 
b of 1988 | To bee of | During During Average 
‘ 1937 1938 sung 
Za 1938 
EI 

oF wali ' 

1) La BNeasParinga Fr turd.. mach 7k esta cee uesienie amon _ 49 191,528,755| 14,722,754| 13,137,988] 36,556 
2 | Lobitos and Restin, Patras. ..o. 0s. sock esd noses evs yae 34 43,977,405} 2,695,048) 2,660,622] 6,960 
GS AGEPLOM a NORE. dries ene neteEn Ie ITO TS Coe 55 3,183,362 39,214 40,000 110 
42) Pirin (euncand) Prag). ee we ieee tee ek de x 0 0 0 0 

LOGE: tactet cies Caen cake Ae tn uy RAE MER ean gia eee aay 238,689,522| 17,457,016] 15,838,610 


Manuscript received at the office of the Institute Feb. 14, 1939. 
* Chief Geologist, Imperial Oil Ltd., Toronto, Ont., Canada. 
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a decrease of 1,584,766 bbl. from its 1937 figures. The total production 
from 1890 to Dec. 31, 1938, was 191,528,755 bbl. During 1938 a total 
of 176,186 ft. was drilled; 162,823 ft. in new wells and 13,363 ft. in deep- 
ening existing wells. In all, 65 wells were completed, 54 of which were 
classed as producers, 2 as gas wells and 9 as dry holes. 

Thirty-one wells were cleaned out or deepened during the year. The 
average depth attained by new wells completed during 1938 was 2476 ft., 
compared with 2367 ft. for the new wells completed during 1937. The 
use of rotary tools continued to increase and this method now predomi- 
nates, especially for deeper drilling or where high pressures are expected. 
Of the wells completed in the year, 34 were drilled by rotary, 11 by stand- 
ard and 20 by star rigs. 

Drilling operations during the year included the drilling of several 
semi-exploratory wells, which proved normal additions to known pro- 
ductive areas. Deepening of older wells yielded encouraging results, 
especially in the prolific Section 16 area. 

Experimental work on water-flooding by injection into downdip 
wells gave promise of favorable results in at least one of three areas 
under test. 

Lobitos Property The Lobitos property, north of the La Brea- 
Parinas estate, produced approximately 2,660,622 bbl. during 1938, a 
decrease of 34,426 bbl. from 1937. Total production to the end of 1938 
amounted to 43,977,405 bbl. It is reported that the well potentials 
at a new shallow productive area found by this company east of El 
Alto are rather small. The "company has a natural gasoline plant, 
but no refinery of its own in Peru. Most of its production is exported 
to its refinery at Ellesmere Port, England, to Argentina and to 
other points. 


TaBLE. 1.—(Continued) 


Number of Oil and/or Gas Wells Oil-production Methods at End of 1938 eee ate 
Purine At End of 1938 Number of Wells ene ee 
oe 
a 
g|s be 3 & 
a C5 b =] ort, Bet 
g eo 3 z 24 Be os By 8 a # | 3| 85 | Maximum | Minimum 
4/68 |e] 8 lasleo] S2 Bal a3 g a a ita) | ae es 
e| 8 | 8\ 3 =F 3a| 3s 3a SF| 8 3 Q ae oe 
4| 8? |S] = a@|ao/ a ol e% | = 5 | 4 /24|4 
H.C.T. 39.4 38.6 
1] 3,038 | 65 9 | 83 | y | 1,842] 19 | 1,944] 92 1,741 9 0 67 34 |L.C.T. 34.1 33.0 
SOLA ESI Oil 4p) af y| y | 74 y y|\ y y y y y y 
3 He \\ EEN | aes y) y¥ 42 y vey y y y y y 
4 Biase hema | oeray ae y) oy Die PB ee ND y y y 


1 End of 1937. 
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Zorritos Property—The production from the Zorritos property is 
estimated to have amounted to approximately 40,000 bbl. during the 


year 1938. 


TaBLE 1.—(Continued) 


Character of Oil, Approx. : Deepest Zone Tested 
Average during 1938 Producing Rock to End of 1938 
Gravity 
A.P.I. at 60°F. 
e Depth 
8 Name Agee /- f Fone Name of Hole, 
Z| Weighted | 2 Ft. 
Zz Average BS 
A I) 
E 53) 3 
a BM Wee BCR ee 
38.9 Verdun, Lomitos, Parinas 
1 33.6 y|M { Negritos, Salina Eoe 8 AF | Eocene 
2 y y | y | Terebratula, Lower Caverno Eoc NS) AF Probably Cretaceous y 
3 y y | y | Zorritos Mio 8 MF? |y 2,900? 
4 y y}lyly y y y |y y 


¢ Footnotes to column heads and explanation of symbols are given on page 240. 
2M, mixed. 
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Oil and Gas Production in Poland in 1938 


By Joser Zwierzycxi* 


By an extension of drilling activities in 1938, the Polish oil industry 
succeeded not only in maintaining production but even in increasing it 
slightly. This increase, however, was from present oil reserves and not 
due to the discovery of any new fields. 

Most of the new wells were drilled in the Jaslo district, particularly 
in the Lipinki-Libusza! oil field, because of the shallow depth of the 
producing sands. At the Boryslaw field the 12,332 meters drilled could 
not compensate for the steady drop in production. A drilling campaign 
similar to that of the previous year in the Stanislawow district resulted 
in a slight decline of production. 

A number of the new wells have been subsidized by the Fund for 
the Advancement of Drilling? in Poland. As the present sums at the 
disposal of this fund are insufficient for a great exploration program, 
they are chiefly used for the maintenance of the actual production. New 
wells on known folds, but more than 1000 m. outside the present produc- 
tive areas, are entitled to a subsidy. Applications for wildcats outside 
the known productive areas have not been received in 1938. Even 
when the Polish oil industry was prosperous, wildcatting was not frequent 
and in their present impoverished condition the oil companies are no 
longer able to bear such financial burdens. The only way to start a 
large-scale drilling campaign on the still existing promising areas seems 
to depend on the granting of new substantial subsidies from the Treasury. 
Such measures are being considered by the Polish Government. 

It has been suggested that a fund for wildcatting might be raised by a 
small increase in the price of benzine. An advance of one grosz per 
liter of benzine would raise, on present home consumption of 108,000 
kilogram-tons, about 1.3 million zloty, an advance of 5 grosze more 
than 6 million zloty. This small increase in price would hardly be felt 
by the motor-car owners, as it would mean an extra expense of 80 to 


400 zloty in a year. 


Manuscript received at the office of the Institute Feb. 18, 1939. 

* Chief of Oil Division, Geological Survey of Poland, Warsaw, Poland. 

1 The oil fields are indicated in this paper by one or two characteristic village names. 
The cumbersome enumeration of a great number of rural parishes does not make the 
position or the extension of Polish oil fields clearer to foreign readers. 

2 Trans. A.I.M.E. (1936) 118, 491. 

3 0.24 and 1.13 million dollars. 
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OIL AND GAS PRODUCTION IN POLAND IN 1938 


TasLe 1.—Oil and Gas Production in Poland 


ee ee SS Ee eS 


Field, Province 


Age, Years to 
End of 1938 


Lipinki-Libusza, CO Git ccc vom ners 
Biecz-Korezyna, Gorlice...............0-055 
Sekowa-Siary etc. Magura. 1 Gorlice 

Ropianka upthrust Krosno....... 
Harklow3a; aslo. cienicctcoaias/alpciciilete oye natarate 
Roztoki-Sadkowa, etc. Jaslo...... 


Mencinka-Jaszezew { poto,. ) Jaslo...... 


Potok-T oroszowka anticline Krosno.... 


Krosno-Kroscienko Krosno.... 
Klimkowka, Krosno.cii sveas . aes se neces 
Bobrka-Rogi, etc., Krosno.................. 


Lubatowka-Wulka, etc., Krosno............. 

Strachocina-Gorki Zmiennica- ( Sanok. . 
Strachocina- 
anticline 


Zmiennica-Turzepole Brzozow 


Humniska-Grabounica, etc., Krosno......... 


WeRlowKa,RTORNO cn ses tkie: Wrameeerarate siaetac 


Tyrawa Solna, etc., Sanok..... Peat TO 
Total Jaslo district...............+.+- 


Lipie-Czarna, etc., Lesko... 0.0.0... cece eae 
Wankowa-Paszowa, etc., Lesko.............. 


Strzelbice, Sambor.cccis csc ccdlecsvcasdsecess 


Boryslaw, Drhobyes.indocie 6 cae owes ewan ts 


Ondlca, (Drohovyee.ci two. varices sieht 
Schodnica-Uryez, Drohobycz................ 
Dassaws; DROhOOYOR Ss sali nh sais aivevelx gah 

Total Drohobycz district............... 
Rypne-Perehinsko, Dolina.................. 
Majdan-Kosmacz, Kolomyja................ 
Bitkow, Naqworn@.s.c.c.0.cc.suedeves tunes 
Pasiecana, Nadworna................. ahh e 


Sloboda Rungurska, Nadworna............. 
PRAUIBE CRCLON bern tar ae cove a re 
Total Stanislawow district.............. 
Total Poland. tater none sean me 


a 
= ow 


66 


Area Proved, Acres Total Oil Production, Bbl. 
Daily 
‘ To End of | During | During ee 
'o End of uring age 
Oil | Gass) Total 1938 1937 | 1938 | during 
Nov. 
1938 
1,075 1,075 | 5,021,864} 277,970] 401,870] 1,103 
65 65 | 402,860) 28,210) 26,250/ 71 
100 100 757,255} 20,720] 15,260] 42 
30 30 1,750} 1,540} 4 
130 130 | 1,747,242] 52,430] 53,970] 147 
226,424] 35,580] 14,280| 38 
260,348} 27,580) 44,660) 122 
1,335} 515 | > 1,850 
5,568,088] 98,210} 130,060) 356 
1,973,372) 30,100} 25,480| 70 
30 30 13,346] 2,660) 7 
225 225 | 5,530,436] 51,450} 47,600| 130 
275 275 15,813} 30,240] 82 
4942] 494? 630; «1.4 
67 67 704,510} 15,260) 25,690] 70 
321 321 80,990] 79,520) 217 
148 148 | 2,024,735] 26,320] 24,150] 64 
50 . 50 12,650} 30,800] 84 
3,851| 1,009 | 4,860 | 26,272,948] 823,867) 954,660] 2,608 
100 100 19,810} 36,569} 100 
568 568 | 2,329,953) 161,630] 165,953} 458 
62 62 619,828) 18,648] 15,350] 41 
3,700 3,700 |181,408,383)1,820,000|1,732,609] 4,747 
25 25 139,135} 2,659] 3,386] 9 
1,110 1,110 | 20,237,919] 338,030] 333,016] 923 
1,500 | 1,500 
5,565] 1,500 | 7,065 |210,446,559|2,359,987|2,286,883] 6,278 
1,500 1,500 | 2,370,205] 101,290} 97,685} 270 
260 260 244,612] 22,848] 33,475] 85 
1,080] 100} 1,180 | 6,372,084] 149,800] 149,010] 412 
400) 150 550 30,000} 25,274] 70 
120 ; 120 10,640} 10,824) 38 
3,360] 250} 3,610 316,268] 875 


12,776) 2,759 


16,535 


325,270 
248,034,150/3,509,124/3,557,811 


@ Footnotes to column heads and explanation of symbols are given on page 240, 
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Total Gas Production, é Oil-production 
aa ' Number of Oil and/or Gas Wells | M Pressure, Atm. 
Millions Cu. Ft. and/or Gas Wells See of Kg. per Sq. Cm. 
During Average at 
é » : 1938 At End of 1938 Number of Wells End of 1938 
& | To End} During | During | RAS #38 2e 
| of 1938) 1937 | 1938 | g=|B5| 3 |Z aie iz | 2 : . 
Z eles! 2) 8 1si-3 Is a/ 2) € || -8 
2 BElEElE| 2 lezigstexizelElEe/alZl | 
3 2/84) 8 | 4 sa £5 (25/24) 2) 2|8\5 | 2 
1 61.5 100.4} 0.32} 1,036) 122) 12 15| 644 1) 645 577 67 2-25 
2 65.0 56.9} 0.15 58 5 45 45 45 
3 3.3 3.6 185i, AL. 22) 107} 2}- 109 84 23 
4 26.0 23.7) 0.07 37 7 16 16 12 4 
5 39.0 33.7| 0.09} 277; 4) 1 7| 143 1} 144 138 5 
6 3,492 4,413 |17.5 39 3 i 4) 17) 24 4) 114) 91 85 
58,213 
7 406 916 3.7 22 Bie t 2 19} 14; 33] 1 6 12} 110} 16 10 
8 140 157 | 0.5 267); 12 9 96} 3 99| 3 93 35 5-10 
9 10.7 12 0.04) 111 2 1 45 45 44 1 
10 22.0 65} 10 2} 28 28 23 5 
LT, 123.0 111.3) 0.26) 258 Be ae 9 91 3 94 65 26; 60 
12 21.0 70.7) 0.3 91 6) 1 11 77 77 53 24 
13 1,197 162.0 255 0.74 3 3 3 95) 56 ? 
14 32.0 41 0.09 62; 5) 2 41 41 35 6 
15, 262.0 192 0.6 116 5 7 58 58 28] 5.) 25) 50) 5 5 
16 27.0 28.5] 0.08} 227) 2 5 86 86 85 1 
Aa 4.1 40} 11) 2 3 47 47 36 11 
18 64,605} 4,892.5) 6,418.9 2,889} 204 1,547] 44) 1,591) 4 | 1,818) 11 | 214 
19 3.5 8.6 78 i“, 5 30 ihe seh 30 
20 45.0 54.8 455} 10) 5 8} 376 1| 377 370 6 
21 9.0 8.8 74 1 1} 38 38 38 
22 196,333] 4,367.0) 3,555.6/10.0 | 1,303 8 187) 598} 110) 708 72 526 
23 15 2 5 5 5 
24 243.0) 333.6 822) 16 572 572 572 
25| 654,788) 5,731.0} 6,646.0/18.0 32} 8 25] 25 63] 45-39 | 45-36 
26 | 251,071) 10,398.5| 10,607.4 2,779| 50 1,619) 137) 1,756 1,087 532 
27 523.0) 514.0} 1.4 | 240) 7 19} 136 136 95 41 
28 119 6 14) 108 108} 2 72 34 
29 1,327.0] 1,606.0) 4.5 | 188} 4 8} 104) 9} 113) 3 5 96 
30. 95.0 88.0) 0.2 196} 1 36 36 11 25 
31 300 52 52 52 
32 350.0 510.0) 1.4 3 1 2 2 40? 
33| 38,081] 2,295.0] 2,718.0) 7.5 | 1,046} 18 436) 11] 447) 5 | 235 196 
34] 353,707) 18,567.5| 19,744.3 6,714) 272 3,602) 292] 8,794) 9 | 2,640) 11 | 942 
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TaBLE 1.—(Continued) 


ee a a Se 


| eee 
Character of Oil, verse 3 
eee tives peiey Producing Formation 
during 1938 sare 
1938 
Gravity Depth, Aver- 
A.P.L. at ? oa 
60° F 3) age in Feet “3 
ee | i=) Eel 
4 2 5 Name Age SE lee ~ aa 4 
gidigizs) .2 | |e/e2 ae .las.| & |a8| 3 
2\slgas| 4S 4 |acles Begiegels| 3 |BE| = 
o Aloe oO | i“) 2 o|s a 
ABE £4 | 4 26/85 SAPleAS | 8 [2] 8 
150- 
1/32/38] 34 |38.0-7.4) P | 1,124 Ciezkowice I, IIa. Cre | Hoc, Cre eyed § |18.7-27.3 80 | AM 
2/38/43) 39 |0.3-1.1] A | 1,124 Ciezkowice I, II Eoe ee § 120 | diapir 
3/29/40) 35 | 0.4 | A Magura facies Cre 228 ) 40 A 
4/29/31) 31 | 0.4 | A Magura facies Cre 1,120 § 60 
5 |21/27| 27 | 0.8 A Krosno beds Olig 1,066 8 150 joverthr. 
3,000-| 3,000- 
6 |40/42| 40 0.4 A |1,011}10-45) Ciezkowice II, III Eoe, Cre np 3,900 |S 12.2 245 A 
7 |42 42 4.0 ie 25-50] Ciezkowice II, IIT Eoe, Cre 3,600 2,700 |S 198 | diap 
8 189/51] 42 | 0.4 A |1,124] 150 | Ciezkowice II, III Eoc, Cre sp oe s 80 | diap. 
9 |29|34| 32 |0.7-8.0) M 150 | Ciezkowice I, II Eoc gee 1,600 |S 190 | diap 
60- 
10 35 A Krosno beds Olig 1,120 § 132 Af 
480- 
11 |32/38} 34 |0.5-6.2} AP 225 | Ciezkowice I-III, IV Eoe, Cre ope 8 160 A 
12 29 | 0.3 A 150 | Ciezkowice I-III Eoce, Cre, 2,120 § 100 A 
13 1,124} 13 | Czarnorzeki Cre re 2,940 |8 A 
,480- 
14 33 ey/ P Ciezkowice I Eoc 2,400 8 100 A 
2,300- 19.6 
15 |14/87| 47 |0.2-5.9| AP | 1,067| 150 | Ciezkowice I, II, III Eoe, Cre 2,940 NS) 18.4 200 | diap. 
20.5 
270- 
16 |27|30} 29 | 0.4 A Czarnorzeki Cre a NS 100 | AM 
00- 
ut 35/45) 44] 0.3 A Lower Krosno beds Olig 900 N] ? Af 
1,020- 
19 |38/45| 42 |5.1-0.1) PA Lower Krosno beds Olig 1,310 iN) he Af 
20 |30/39) 34 |0.5-5.9| P Low. Krosno b.a. Meni- | Olig 1,150- 8 40-50 diap. 
lites 1,900 
21 |21/33] 32 | 6.2 Jamna beds Cre 660 8 45 A 
: 4,270- 10.0 
22 |31/36| 33 |6.0-9.4) P | 1,461) 234 | Boryslaw sandstone 4 | Olig, 5,700 N] 15.0 } |80-120 overthr. 
hor. Eoe 17.4 
Eoe. 5 hor. Olig 2 hor. | Cre 
23 42/44) 43 | 6.1 1g Lower Eocene beds Koc 1,970 NI 50 A 
24 |29/39) 36 |0.3-5.9| AP Jamna beds , Cre 1,480 Ni] 150 A 
a Gas beds (Tortonian) Mio 2,300 Ny] 25.0 100 A 
27 |83/39| 36 |4.0-8.0} P Kliwa beds Olig 2,625 § 0 Af 
28 |32/29| 30 |0.8-1.1) A Eocene beds, Inocer-| Eoc, Cre 1,150- NS) 40-80) Af 
amus beds 1,920 
29 |34/48| 44 |1.1-8.4| P Kliwa beds Olig 3,610 8 15-30) Af 
30 |38/56| 45 |0.2-4.9| AP | 1,067 Kliwa beds a. platy beds | Olig,Cre; 660- 8 15-30) Af 
4,700 
185- 
381 |35/37| 36 |5.2-5.9| P Jamna beds I Cre 2,400 8 80 Af 
Ua Gas beds (‘Tortonian) Mio 8 2 ? 
34 


’ 1/P, paraffin, A, asphalt; M, mixed. 
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The next step in the intensifying of oil production in Poland will be 
the introduction of more efficient methods of exploitation, such as repres- 
suring (Marietta method), flooding and perhaps mining. Repressuring 
was successfully applied in the Potok field in 1930-1934, but, owing to 
the division of the productive area into a large number of lots owned by 
disagreeing operators, the method had to be discontinued. At the 
Schodnica field repressuring has been used since May 1930 on a 100-acre 
area belonging to the ‘“‘Gazy ziemne’’ Company. Until August 1936 
the medium was air, from that time until February of 1938 motor exhaust 
gases were used, but since the completion of a pipe line from the gas field 
of Daszawa in February 1938 natural gas only has been used. There 
are 10 intake wells as against 45 producers. The results have been 
very satisfactory; the present production of oil is about 25 per cent higher 
than in 1930. The production of gasoline also is higher, as the dry gases 
of Daszawa absorb additional fluid when passing through the oil sands. 


TaBLE 2.—Drilling Statistics, Poland 


METERS 
Year Jaslo eee Bowley Stanislawow Total 
1938 77,901 35,306 12,332 25,952 151,491 
1937 66,908 33,947 14,269 24,123 139,247 
1936 48,166 30,307 9,154 19,374 107,001 
1935 39,449 22,981 10,981 12,661 86,122 
1934 37,703 21,569 8,020 10,641 77,933 
TaBLE 38.—Number of Producing Wells 
Year Jaslo Bory Boryaew Stanislawow Total 
1938 1,591 1,048 708 447 3,794 
1937 1,423 1,014 alia 428 3,582 
1936 1,291 1,002 669 396 3,358 
1935 1,149 1,025 650 253 3,208 
1934 1,195 1,046 632 248 3,121 


Taste 4.—Total Oil Production, Poland 


Tank Cars oF 10,000 Kitograms (10 KiLoGRAM-ToNs) 


Year Jaslo sae pd B oa Stanislawow Total 

1938 13,638 7,918 24,751 4,518 50,825 
1937 11,769 7,828 25,886 4,647 50,130 
1936 10,789 7,901 27,1382 5,241 51,068 
1935 9,908 9,429 28,598 3,541 51,476 


9,753 


30,138 


3,491 
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A repressuring scheme has been worked out in detail for the Boryslaw 
field and a project for the Lipinki field is in preparation, but cooperation 
among the numerous producers does not seem to be possible except by 
legislative enactment. The major producers are planning to ask the 
assistance of the Polish Government. 

As for the problem of salt dome production in northwestern Poland, 
the first. steps of realization have been undertaken. In the province of 
Pomorze, three salt domes (Inowroclaw, Wapno and Gora) have been 
known since the end of the last century. In the salt mine of Inowroclaw 
traces of oil have been observed repeatedly. In the course of the recent 
geophysical survey an indication of a fourth dome near the township 


Taste 5.—Total Gas Production, Poland 
TuousaNnps or Cusic METERS 


Year Jaslo bakin pak Peer Stanislawow Total 
1938 183,601 211,661 100,721 77,077 573,068 
1937 152,486 187,657 124,258 66,096 530,497 
1936 131,437 165,258 129,048 57,560 483,303 
1935 136,476 168,507 137,390 43,036 485,409 
1934 121,083 149,722 154,516 43,633 468,954 
TaBLE 6.—Gasoline Production, Poland 
KiLoGRamMs? 
Number of Gasoline Plants 
Year Jaslo Drohobyez | Stanislawow 


Drohob.} Stanis. | Total 


1938 | 3,974,315 | 34,648,182 | 4,333,576 | 42,956,073 6 28 
1937 | 3,586,339 | 32,786,218 | 4,410,952 | 40,783,509 6 28 
1936 | 3,476,616 | 31,833,221 | 4,571,970 | 39,881,807 5 24 
1935 | 3,831,056 | 32,887,608 | 2,763,744 | 39,482,408 5 25 
1934 | 4,436,585 | 33,349,333 | 2,952,171 | 40,738,069 4 |. 27 


“One kilogram = 2.205 pounds. 


TaBLE 7.—Ozokerite Production, Poland 
KILOGRAMS 


Stanislawow Total 


Year Boryslaw (Dzwiniacz-Starunia) 


1938 335,091 148,560 483,651 
1937 322,530 165,914 488,444 
1936 343,593 99,299 442,892 
1935 300,945 69,963 370,908 
1934 89,138 67,027 156,165 
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of Barcin has been found. An exploration well started by the Geological 
Survey of Poland has reached a depth of 540 m. in tilted, gypsiferous 
Triassic. The geophysical survey is to be continued with Thyssen 
gravimeters and refraction and reflection seismographs. 

From the discovery of a salt dome to the creation of an oil industry 
in northwestern Poland, however, is a long way. After the stimulating 
work of the Geological Survey, capital must be interested. By an 
amendment of the mining law and the grant of drilling subsidies, Germany 
has been able to create in similar conditions practically a new oil industry 
in the past few years. Poland will have to follow that example. The 
matter is widely discussed in the Polish daily press and the technical 
periodicals, but a legislative project has not yet been introduced 
to Parliament. 

Gas production is developing steadily in Poland. The Daszawa 
field has been recently delimited in the southeastern sector, where 
edge water has been reached. The structure is a very slightly raised 
dome. According to the current geological opinion, a row of such domes 
occurs in the Miocene geosyncline bordering the Carpathian Mountains 
along a line, where the upthrusts and complicated folds on the mountain- 
side end and the gentle structures of the foreland begin. 

On this tectonic line are situated the gas fields of Opary, Daszawa, 
Balicze, Kalusz and Kossow. On the same line a new gas field, Popowice, 
near Przemysl, was discovered by the Pionier Company at the close of 
1938. The first gas sand occurs at a depth of 500 m. As this well 
has been started with a heavy rotary outfit, the drilling will be continued 
for the exploration of a possible oil field below. 

All the above mentioned areas except the Carpathian Mountains 
produce generally dry gas. 

Within the Carpathians only more or less wet gases are found. The 
previous waste of gas on the Polish oil fields belongs to history. At 
the present time every cubic meter of it is carefully gathered and stripped 
of gasoline. So are the gases of the Roztoki-Sadkowa and Strachocina- 
Gorki gas fields. The production of gasoline is developing favorably in 
Poland, in spite of the declining yield of crude. 


Oil and Gas in Rumania 
(New York Meeting, February, 1939) 


Tue 1938 production for all of Rumania amounted to 48,984,200 bbl., 
as compared with 53,239,500 bbl. in 1937, which represents a drop of 
4,255,300 bbl., or 8 per cent. Of the various fields, there are only two 
major increases in production—Baicoi-Tintea with 3,092,400 bbl. and 


TaBLE 1.—Ouzil and Gas Production in Rumania! 


Area Proved, Acres Total Oil Production, Bbl. * 


Field, Department 


1 Month of December estimates. 


Manuscript received at the office of the Institute Feb. 3, 1939. Information 
available through the courtesy of W. P. Haynes, Member A.I.M.E. 
586 


Peo 
: To End of | Durin Durin verage 
8 23 Oil | Gas | Total) i938 1937, | 1938” | during 
q | fhe Nov. 
3 Su. 1938 
4 yo 
I 
2 at 
a <i ; 
1| Glodeni, Dambovita..............0.00000: 41 400 400 559,500 10,000 9,500 25 : 
2| Doicesti, Sotanga, Dambovita............. 26 200 200 22,600 ; 
3 | Malul Rosu, Dambovita..............-.55 35 200 200 5,800 { 
4| Colibasi, Resca, Dambovita............... 82 | 1,470 1,470} 3,243,300 
5 | Draganeasa, Prahova.............0.00005 58 200 200 343,900 
6)(Campina’ Pratiova.. (ont cs asus anon ecee 54 580 580} 33,083,700} 235,200 225,000 570 
7 | Bustenari, Runcu, Prahova............... 94 | 5,250 5,250) 104,923,000} 1,775,400) 1,600,000) 4,750 
Si Soalog Er Ghouds. coe ein sateen 9 550 550 72,000 5,600 20,200 30 
6:|'Copacent, Prahovan csscss vs adeece esata 34 250 250} 1,793,700 103,000 90,000 225 
10 | Filipesti Padure, Prahova,................| 28 250 250} 2,030,300 
12) Pacuroti; Peahota cc, nadok ce ects tes a 39 150 150 K 700 
A2N Matta Prahouas, sess sete caress crit 39 200 200 80,300 
13 | West Gura Ocnitei, Dambovita............ 9 | 7,550 7,550| 66,372,100) 4,825,400) 4,150,000) 14,200 
14 | Gorgota, Ochiuri, Dambovita.............. 25 | 1,300 1,800} 41,130,900) 2,534,100) 2,700,000} 6,800 
15 | Moreni, Dambovita, Prahow.............. 35 | 3,700 8,700| 322,717,800} 17,189,400] 15,280,000} 41,700 
16 | Moreni North, Dambovita, Prahova........ 35 | 1,100 1,100} 25,483,300 448,600 8,500} 1,300 
17'|\Pideurls Prahouds ives otdancs etek 11 450 450} 20,501,000) 2,707,700) 2,500,000} 6,000 
18: \Diteath, ierahovd ve nce cena oy valeomauies wave 5 540 540 1,341,100 535,400 86,000 
19)| Calinesti, Prahova. Ges cides. cc cue cans 4 75 75 23,200 12,900 
20 | Baicoi, Liliesti, Tintea, Prahova........... 77 850 850) 38,940,000) 1,747,600] 4,840,000} 15,500 
21 | Bucsani, Dambovita.. ccs. cess cess ewodores 5 | 3,900 3,900} 31,525,600} 7,310,000) 2,760,000} 7,500 
22 | Margineni, Prahova..............0c00c0ee 3 450 450 634,200 291,500 210,000 500 
OF |ARICHBEI) FE TANOOG. a cl vlctala iiela wire es pumtarelvinte 17 | 1,000 1,000} 7,560,100 398,600} 272,000 800 
D4 BOLUS EV GROUE saa shox a tien site enente 16 | 5,000 5,000} 72,765,300} 9,950,500} 8,370,000} 19,100 
DB |! Copturaserahovgs aveveniveleciisins' sat atl’ 25 | 2,100 2,100} 35,388,500} 2,461,300) 4,980,000) 14,700 
OB NOreRE Prahoua a, dena aeatiaee eee cen 6 200 200 11,200 { 
27 | Podenii Noi, Apostolache, Prahowa........ 36 100 100 151,100 
OB Udresti Prahova sy «nc csits satite cman rin: 14 100 100 138,800 
29 | Sarata Monteorul, IBUSAU GN vate te 69 260 260} 3,656,700 54,200 46,000 140 
£0)| Arbanagl, Bugathy oy ns.s.eciwcss > ances on 69 400 400} 15,653,900 284,900} 272,000 750 
31 | Solont, Stanesti, Bacau.............000 ee 78 250 250) 4,665,700 96,600 93,000 275 
82 | Zemes, Taslau, Bacau Tie Sipcite’s Sch drapes pa 78 170 170} 4,762,800 146,200 140,000 415 
33 | Moinesti, Lucacesti, Bacau.,............. 78 275 275| 2,795,700 97,300 92,000 265 J 
34 | Comanesti, Grozesti, Bacau. ............. 78 100 100 14,400 3,500 
35 | Tetcani, Casin, Bacau............000000. 78 300 300 962,300 13,900 10,000 40 
36 | 13 Fields, T'ransylvania...............05 81 1,000) 1,000 
BT fru Total ivcptniet ates santte es cneon nee 39,870) 1,000] 40,870| 843,584,300) 53,239,500} 48,984,200} 135,585 
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Ceptura with 2,518,700 bbl. The greatest decrease among the major 
fields occurred in Buesani, Boldesti, and Moreni. Ceptura, which 
showed an increase over the previous year, is expected to show a marked 
decrease in 1939. Baicoi-Tintea, however, will continue to expand. 
Although the over-all decrease in Rumanian production was only 8 per 
cent, this decrease would have been considerably greater without the 
increase in the Ceptura and Tintea fields. By excluding the gains of 
these two fields, the drop in Rumanian production would be 18.5 per 
cent under that of 1937. 

In 1938, drilling amounted to 961,000 ft., as compared with 1,278,000 
ft. in 1937, representing a decrease of 25 per cent. 


TaBLE 1.—(Continued) 


j bs Depth, Oil-production 
Total Gas Production, Millions Cu. Ft. Number of Oil and/or Gas Wells Average Methods at 
in Feet End of 1938 
pe At End of 1938 Number of Wells 
Maximum 
,|ToEnd| During During Daily aes n 
S| of 1938} 1937 1988 | during | =2 ess wien |. 2 8 
g 1938 |S=| B [eSl Melee 8/oe [ss = 2 
= B3| S |sAiseted| Sldsules.| 2) 2/8/34 
Z & [23)/3° Sales issaesaletT si/2/8s 
= oa g as Sa aos a > £ PES ay Sy a co} E g a 2 
fe 83| § |P2/EO (ES) SS Ser cas) F |) eis |S 
1 6 2,000 | 1,000 
2 4 1,900 | 1,700 
3 10 1,000 | 500 
4 30 1,400 | 600 
5 38 1 1 4,200 | 1,100 
6 281 1 66) 2 68}1,200 | 700; 1 25 42 
7 1,641 11 | 50} 540) 11] 541/2,500; 100} 1] 286 254 
8 9 3 2 3 1,800 | 1,450 | 2 1 
9 19 3 2 7 7|2,200 | 700} 1 6 
10 2 57 3,800 | 3,250 
il 14 1 4,000 | 2,000 
12 10 1,300 
13 322 2 | 20] 188) 3] 141}5,900 |5,400 | 7 70| 17 | 47 
14 283 20 "| 12 A) G3 80] 4,000 | 1,300 | 14 41 17 
15 ileal 27 | 30] 493} 8 | 501/5,600 |1,400 | 21 | 324/128 | 28 
16 388 8 | 10 28] 1 29/ 4,000 {1,000 | 2 1 13 
ci 140 15 | 35 85] 2 87| 4,000 | 1,200 | 15 64) 7] 11 
18 9 6 7,300 | 6,900 
19 4 3 5,700 | 5,300 
20 484 39 | 26 99 99] 8,800 | 600 | 31 37| 1 | 30 
21 145 30 84) 1 85] 7,300 | 6,500 | 8 54] 23 
22 16 3 5|-1 6| 7,500 |6,100 | 4 2 
23 1,343] From Dacid. Pli, now abandoned 59 1 At 10) 4 14| 7,400 | 5,500 | 5 iN re Ne a 
24| 1,428] From Dacic. Pli, now abandoned | 163 16 | 28} 105} 24] 107) 7,900 | 6,900 | 31 7| 68 | 1 
25 224 28 | 51] 106 106} 4,100 | 2,400 | 33 60} 13 
26 1 8,400 | 7,600 
27 19 1 1,700 | 800 
28 2 2,400 | 2,200 
29 40 4 4}1,000 | 200 4 
30 140 69 69] 1,000 | 200 61 8 
31 192 2 84 84] 2,000 | 1,000 78 6 
32 60 37 37) 1,000 | 20 33 4 
33 40 14 14} 1,000 | 200 14 
34 20 2,200 | 600 
a6 7, 9) 95 | 2511's00 | 600 | 25 i 
36 | 150,000 8,300 8,000 22 70 2 i 
37 6,223] 179 |824 | 2,065} 53 | 2,118 201 | 1,162/278 |477 


2 Vo gal. gasoline per M cu. ft. gas. 
Of the 35 Rumanian fields or areas, the most important, with the 
exception of Bucsani, remain the same as those of last year. The fields 
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that during 1938 made over 4,000,000 bbl. are West Gura Ocnitei, 
Moreni, Baicoi-Tintea, Boldesti and Ceptura. Ceptura began to come 
into prominence during 1937, owing to drilling on the north flank, but 
at the present the most favorable areas have been drilled up and the 
field consequently will begin to decline. At Tintea, the Meotic develop- 
ment is still extending the productive area, and it is expected that the 
field will assume an even more important position during 1939. With 
the exception of Tintea, extensions in other fields contributed a negligible 
amount to the country’s production. 

No additional development was carried out in the Transylvanian gas 
fields. A further test at Manesti on the north flank proved salt water. 


TasBLE 1.—(Continued) 


te eat. of D t Zone T 
Pressure, Lb. il, TOX. . . eepest Zone Tested 
per Sq. In.¢ Acecuae Producing Formation to End of 1938 
during 1938 
Gravity 
Average at eek eet | Bee 
End of 60° F. i 5 8 
-8| |b 
5 Name Agee . g a Be Name 
a5 otm wt 
E g 3 & 8 Db Ss & be oe ‘Sm 
A| 1937 | 1938 : : Ene ae Ee ; use 3 
| s Alo & aa a ® 
| 4 s\Sl=<| 2 5 |cias]a jz os am 
1} 300 39 | P | Meotic Pli S, Ss |10} 40 | Af 5 | Helvetian 2,800 
2 | 1,300 39 | P | Meotic Pli 8, Ss |10) 50 | Af 3 | Helvetian 5,100 
3 P | Sarmatian Mio 8, Ss Af} 10 | Sarmatian 1,000 
4 P | Meotic Pli S, Ss |12 Af Meotic 2,000 
5 1,500 P | Meotic, Helvetian | Pli, Mio 8, Ss |12}120 | MF} 22 | Helvetian 4,200 
6| 750 120 41 | P | Meotic Pli §, Ss [15/140 | MF) 15 | Helvetian 2,200 
7 | 1,000 450|38)45] 42 | P | Meotic, Oligocene | Pli, Paleog} S, Ss |16]160 | MF} 100 | Oligocene 7,800 
8] 280) 100) 200 40 | P | Meotic Pli 8, 8s | 7} 50 | AF 4 | Sarmatian 3,200 
9] 360) 160) 320 41 | P | Meotic Pli 8, Ss |12} 50 | AF 3 | Meotic 3,000 
10} 600 43 | P | Meotic Pli §, Ss |10) 40 | A | 28 | Sarmatian 6,400 
11 | 1,500 26/68) 52 | M Dep Pontic, Pli 5, Ss {15/180 | Af | 10 | Meotic 4,000 
eotic 
12 P | Meotic Pli §, Ss }10} 10 | Af Meotic 1,300 
13 | 1,600 70 65 33 | P | Meotic Pli §, Ss }15}110 | SA Helvetian 6,500 
14| 2,000) 3800} 300 33 | M| Dacic, Meotic Pli §, Ss |15|150 | SA | 47 Helvetian 5,100 
15 | 3,000} 200} 180|21/35) 33 | M| Dacic, Meotic Pli 5, Ss |15/300 | SA | 122 | Helvetian 5,700 
16 | 2,000] 1,100} 600|28|39} 33 | M| Dacic, Meotic Pli §, Ss }15} 90 | SA | 82 | Helvetian 7,000 
17} 1,500} 450} 450)26/40) 33 | M| Dacic, Meotic Pili §, Ss |15) 80 | SA] 13 | Helvetian 4,000 
18} 700) 600 33 | P | Meotic Pli §, Ss {12} 50 | SA 2 | Helvetian 7,300 
19 | 1,600) 1,200 33 | P | Meotic Pli 8, Ss |10} 40 | SA 1 | Helvetian 5,700 
20 | 2,000} 450} 1,500/26|45) 39 | M} Dacic, Meotic Pli 8, Ss |17|200 | SA | 155 | Meotic 8,800 
21/ 1,500} 450} 3800/36/44) 388 | P | Meotic Pli 8, Ss |12) 30 | Af} 21 | Meotic 7,300 
22 | 2,700} 2,000] 1,800/37|65| 39 | P | Meotic Pli §, Ss }12} 20 | Af 7 ‘| Helvetian 7,900 
23 | 2,000} 500} 6500/32/48] 35 | P | Meotic Pli 8, Ss |15] 80 |} SA] 15 | Meotic 7,400 
24 | 2,100} 1,200} 1,000/34|66| 37 | P | Meotic Pli S, Ss |15} 90 | Af | 90 | Meotic 9,100 
25 | 1,400} 900) 750/31|35| 34 | P | Meotic Pli 8, Ss |15}110 | A 19 | Meotic 5,800 
26 | 1,600 34 | P | Meotic Pli 8, Ss }10} 20] A 6 | Meotic 11,000 
27 33 | P | Meotic Pli §, Ss |10) 15 | SA 8 | Meotic 7,900 
28 34 | P | Meotic Pli §, Ss }10} 15 | A Meotic 2,400 
29 38 | P | Meotic Pli §, Ss {15} 40 | A 6 | Meotic 1,200 
30 88 | P | Meotic Pli §, Ss |15} 80 | A | 24 | Sarmatian 3,300 
31 43 | P | Oligocene Paleog §, Ss }10} 30 | AF] 22 | Burdigalian 3,050 
32 43 | P | Oligocene Paleog §, Ss 10) 30 | AF 8 | Oligocene 1,500 
33 42/44) 43 | M — Oligocene, | Pli, Paleog) S, Ss |12} 40 | AF 6 | Oligocene 3,500 
ocene 
34 44 |-P | Oligocene Paleog 8, Ss }10} 10} AF} 15 | Senonian 2,400 
35 43 | P | Helvetian Mio 8, Ss |10) 60 | AF] 20 | Burdigalian 4,000 
oe 750} 450} 450 Sarmatian Mio S, Ss D ‘ Mediterranean | 6,500 
89 


4 Footnotes to column heads and explanation of symbols are given on page 240. 
3 P, paraffin; M, mixed. 
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Of the three wells previously drilled to the Meotic on the axis, two resulted 
in dry gas and the third in salt water. 

Tintea has continued to expand in the deep Meotic sand, and indica- 
tions now are that it will become a field of major importance. 

No major discoveries were made during 1938. The most important, 
however, would appear to be at Draganeasa and the well now testing at 
Magurele, but it does not seem likely that major fields will be developed 
in either area. 

The results of the 1938 exploratory drilling are rather disappoint- 
ing. Ten wildcats drilled in areas of known structure led to only two 
minor discoveries. 

The Ploesti and Bacau regions, within which Rumanian development 
has been concentrated, show little prospect of any appreciable extension. 
It is believed that other regions in Rumania will have to be explored in 
order to find additional large fields, and before the long and expensive 
search for this oil can be commenced, it is necessary that there be State 
land grants under conditions where the profit possibilities will justify 
the risks involved. Toward this end, the mining laws are being revised 
and are expected to come into force during the early part of 1939. At 
the request of the State, the oil companies submitted their reeommenda- 


TaBLE 2.—Summary of Drilling Operations in Rumania 


Important Wildcats Drilled in 1938 


Location 
wee Sec. Twp. Dep tte 
District |Well No. 
Watts Driniine on JAN. 1, 1988, AnD CompLyTEp puRING 1938 
a ees ee | 3/002 | Holeotion 


RING 1938 


Prahova 400 4,774 | Helvetian 


: entrees TS: oe Miele ot falas ak ae Prahova il 8,439 | Buglovian 

: 7 ; Prahova 2 3,960 | Levantine 

4 Sener Vooht a: Prahova 1 5,866 | Levantine 

7 | Filipesti North Prahova 300 5,998 | Levantine 

8 | Manesti........ Prahova 2 7,110 | Levantine 

ay ll Rar Ge 8 8S — eats OREN CORRODE Tere Fire Bt hr Gaara PR Prahova 1 7,743 | Levantine 
FC BETSN Cs Cliit cman a sen etre he eh ONL Pk Ria actin 0 iiihe naa» «ee opal Radauti 1 4,013 | Miocene 

TI CIH CM Cees OA), terns Minto ta aa cnnisns ayes eo Sean Prahova 1 7,881 | Levantine 

Pal ume eee Prahova | 351 |-+5,007 | Levantine 

iG) || cet. ce acer h el cra RSD ED OOO ch ELC en amen ema Prahova 1 |+3,600 | Meotic 

BT PET TRAD a Mh Seer NTR Se aoe Oe a fc stiyartleg tte ie Bacau 1 | +3,600 | Helvetian 

Let RRGrCa eR Roce oh orn Meiosis gas ena tn. ve ees Buzau 1 | +1,900 | Pliocene 
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tions for revision of the present mining law, and a commendable spirit 
of cooperation among the companies and between the companies and 
the State has been shown. 

During the year, several notable steps toward cooperation between 
the companies were observed through conservation agreements and the 
formation of unit areas of pooling. Among these, may be mentioned 
Ceptura north flank and Tintea proration agreements and the explora- 
tion agreement in the Malaesti area, but the most important is the Tintea- 
Liliesti pooling agreement, since it paves the way for further unit areas 
of this type and will do much toward eliminating wasteful competitive 
operations and result in greatly conserving the country’s resources. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Eedata Teoma et 
.In. 
alps Choke | “4 
Deepest Sp ee {On Dea renee a 
Bopuce Drilled by Pi beg Remarks 
esti Oil, Gas, 1008 0! 
U.S. | Millions | an Inch | Cas- | Tub- 
Bbl. Cu. Ft. A ta 
We ts Dritiine on JAN 1, 1938, AND COMPLETED DURING 1938 
1 | Meotic Steaua Romana Drilling abandoned 
2 | Helvetian Steaua Romana Dry 
We ts Startep Dritiinc AND CoMPLETED DURING 1938 
3 | Helvetian Astra-Romana-Sospiro...... 450 Xo 1,400 | 1,300 | Productive 
4 | Meotic, Burdigalian| Credit Minier-Neo Petrol 300 0.1 316 1,200 | 900 | Productive in Me- 
otic 
5 | Meotic, Burdigalian| Unirea-Neo Petrol Drilling abandoned 
6 | Meotic, Burdigalian| Unirea-Cometa Dry 
7 | Meotic, Helvetian | Astra Romana-Sospiro Dry 
8 | Meotic Steaua Romana Dry 
9 | Meotie Unirea-Sondajul Dry 
10 | Cretaceous Concordia Dry 
We ts Drituine on Dac. 31, 1938 
11 | Meotic, Helvetian | Romano Americana-Sospiro Drilling 
12 | Pontic Credit Minier Drilling 
13 | Oligocene Romano Americana Drilling 
14 | Burdigalian Romano Americana Drilling 
15 | Pliocene Astra Romana Drilling 
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In Proven Fields | Wildcats 


Number of wells drilling: D60;:81; 1988 5. wosicies occ soa tscs cour cuswecle de yeen 24 5 
Number of oil wells completed during 1938.......................... 156 2 
Number of gas wells completed during 19388....................-...000-0- 

Number of dry holes completed during 1988..........................-..... 10 8 
Number of wells in which drilling was abandoned... ... 10 
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Russian Oil Industry in 1938 


By Bastt B. Zavotco,* Memperr A.I.M.E. 
(New York Meeting, February, 1939) 


Durine 1938 the Russian oil industry, while able to increase its 
production 4.69 per cent above the preceding year, was not successful 
in correcting some of its basic difficulties, and the industry’s position as 
it entered 1939 was unsatisfactory. The internal political difficulties 
of 1937 and 1938 took a toll in the oil industry as they did elsewhere in 
the U.8.S. R., further complicating the solution of the problems facing it, 
most important of which still remain: lack of experienced and responsible 
leadership, able to make quick decisions; undisciplined and migratory 
labor; and insufficient and often unsatisfactory quality of the various 
equipment needed by the industry and its ineffective distribution. 
Recent developments in the U. §. S. R. suggest that during 1939 the 
management will be granted more latitude and hence somewhat better 
results may be anticipated from the executive branch, provided, however, 
the ‘‘purges’”’ do not recur. The labor should be better disciplined and 
should not shift as easily, owing to the introduction, at the close of 1938, 
of individual labor passports to all workers in the country, the principal 
purpose of which is to correct those two deficiencies. It is not antici- 
pated, however, that the service of supply will show any appreciable 
improvement in 1939, partly because of inherent difficulties and partly 
because the manufacturers of heavy machinery are working primarily 
and necessarily for munitions. 


PRODUCTION 


Production of crude oil during 1988 is estimated at 224,714,000 bbl., 
as compared with 212,742,000 bbl. in 1937, an increase of 4.69 per cent 
but 12.76 per cent below the planned output. While there were no 
major readjustments in the source of supply of crude oil, both the older 
districts, Baku and Grozny, were barely able to maintain their 1937 
levels of production, the increased output being supplied primarily by the 
fields of Maikop and Ural Permian Basin districts. While exploration 
work was outstandingly successful in 1937, in 1938 no discoveries of any 


Manuscript received at the office of the Institute April 11, 1939. 
* Geologist, The Chase National Bank, New York, N. Y. 
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consequence were made, owing almost entirely to the breakdown of 
drilling operations in the wildcat areas. 

The results of drilling operations fell behind the footage drilled in 
1937, fulfilling in exploitation work only about 70 per cent of the plan 
and in exploration work about 30 per cent of the plan. Inasmuch as the 
percentage fulfillment of the plan is measured by footage drilled, the 
actual fulfillment of the exploration program was far below the 30 per 
cent figure, since most of the drilling actually done has been in the 
shallow portions of the wildcat wells. 

The fields of the Apsheron Peninsula (Baku district) were able to 
just maintain their 1937 rate of production in 1938, producing 164,692,000 
bbl. as compared with 164,250,000 bbl. during 1937. As usual, the 
dependence upon natural flowing production and the neglect of small 
pumping wells caused the total output to fall considerably below the 
plan. Such dependence of local management upon the natural flowing 
production is a considerable handicap both to the country and to the 
industry because such handling of oil fields constitutes a major waste of 
the lifting energy and hence of the reserve, and also renders effective 
planning impossible because the prevailing rates of rapid production of 
flush reservoirs with resulting precipitate declines and quick water 
encroachment make even short-term projections of production hazardous. 
This situation was well illustrated early in 1938, when the rapid develop- 
ment of certain flush areas in Baku district caused the district as a whole 
to fulfill the plan, but by the second half of the year a 20 per cent decline 
in the flowing production showed an unanticipated underproduction. 
In the individual fields of the Apsheron Peninsula, there were no develop- 
ments of particular importance during 1938. New drilling has been 
concentrated on the deepest known pre-Kirmaku sands of the “‘Produc- 
tive Oil Measures,” the deepest oil well in the U. S. 8. R. having been 
completed in July 1938 with a total depth of 10,640 feet. 

In the Grozny area of North Caucasus, the results during 1938 were 
unsatisfactory, the district producing 17,612,000 bbl. in 1938 as compared 
with 20,800,000 bbl. in 1937. The greatest waste was in the new Gorski 
field, where the gas-oil ratio is high. This field was rapidly developed 
during the second quarter of the year, and production reached as high as 
150 per cent of the plan under practically criminal exploitation of gushers 
flowing wide open with large waste of natural gas; so that by the third 
quarter of the year the field was producing but 40 per cent of the plan. 
While no detailed information is available, it is apparent that a number 
of wells were either allowed to blow into oil from the gas-cap area or were 
producing from both oil and gas zones simultaneously, with resulting 
waste of gas, natural gasoline and reservoir energy. At the same time, 
in the Grozny city industrial and refining area, only 40 miles from the oil 
fields, refineries and plants have been consuming some 7200 bbl. of fuel 
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oil per day instead of using the available gas, which is equivalent to a 
waste of some 2,628,000 bbl. of oil for the year. 

Most satisfactory results were achieved in the Maikop-Kuban district 
of the northwest Caucasus, where production reached 13,500,000 bbl. 
in 1938 as compared with about 10,000,000 bbl. produced in 1937. 
Also, appreciable increase in production was recorded in the Ural Permian 
Basin between the Volga River and the Ural Mountains, this area pro- 
ducing about 14,450,000 bbl. in 1938 as compared with 9,700,000 bbl. in 
1937. This area is being developed most actively into a primary pro- 
ducing and refining base for the U.S. 8. R. because of its strategic value in 
case of an international conflict. Elsewhere in the country, production 
remained without appreciable change because of the slow development, 
and because newer fields that could have produced more oil in Emba, 
Turkmen, Central Asia and Aliat districts did not have sufficient pipe- 
line facilities to take care of the increased output, while developments on 
the Sakhalin Island, in the Pacific Ocean, have been retarded for several 
years because of strategic considerations. 

The prevailing practice of remuneration of management and labor 
for quantitative production without sufficient check either as to quantity 
or quality resulted last year, according to the Soviet press, in many 
so-called records achieved only on paper. These excesses were noted in 
the field of production with certain areas periodically reporting padded 
figures in the order of 30,000 to 50,000 bbl. per month, while various 
equipment supplied by heavy industries and machine shops was often 
not up to specifications and some was actually unusable. Under the 
somewhat strained internal political situation in the country during 1938, 
the attempts of the Government to correct the indicated excesses by 
appointment of inspectors in an endless chain resulted during the year, 
it is believed, in an idle inspecting superstructure with definitely destruc- 
tive rather than constructive influence. 


REFINING 


During 1938 Russian refineries ran to stills about 195,000,000 bbl. 
of crude oil—about the same volume as in 1937. The refining industry 
was greatly handicapped by the delays in the construction of new plants, 
several of which, however, are due to start operating early in 1939 
With the increasing domestic demand without a corresponding increase in 
refining capacity in the country, the exports from the U. 8. 8S. R. have 
greatly declined during 1938, the figures available for the first nine months 
of the year suggesting a 50 per cent reduction below the exports of 1937. 
Considering the ever growing demand from domestic sources, complete 
cessation of exports from Russia is almost unavoidable in the next two 
to four years unless production and processing greatly increase. 
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PrRosPEecTs FOR 1939 


In summarizing the prospects of the Russian oil industry for 1939, 
it is believed that during the coming year it will be just about able to 
maintain the rate of production reached in 1938 and that the anticipated 
declines in Baku and Grozny areas will be compensated by the increased 
production in Maikop-Kuban district and in the Ural Permian Basin. 
Production of gasoline in 1939, however, should show appreciable 
increase and should be of better quality because of the improvement in 
cracking practices, and also because of the starting of operations in several 
modern plants whose completion has been delayed. If the internal 
political situation in the U. 8. 8. R. reaches some equilibrium this year, it 
is anticipated that about two years of concentrated effort will be required 
before large advances in production and refining of crude oil can be 
realized, to catch up with the rapidly growing domestic and export 
requirements. In the meanwhile both 1939 and 1940 quantitative results 
should be comparable to those of 1938. It is obvious that as long as the 
management forces its new flush fields at peak loads, causing huge waste 
in reserves and an unpredictable volume of production, no true improve- 
ment or effective planning can be achieved. Certainly some measure of 
proration of flush fields to prevent physical waste and assure steady rate 
of output is an immediate economic necessity in the U. 8. 8. R., and with- 
out it not much progress can be made. Introduction of proration is 
dependent upon ample new discoveries and their development and 
hence radical betterment and acceleration of drilling operations must 
precede any major improvement in the economy of the oil industry in 
the U. 8. 8. R. 


Oil and Gas in Trinidad during 1938 


By P. E. T. O’Connor* 
(New York Meeting, February, 1939) 


PRODUCTION of petroleum in Trinidad during 1938 reached the record 
figure of 17,737,061 bbl., an increase of approximately two and a quarter 
million barrels over 1937. 

The principal development during the year was along the Guapo 
fault, which extends from Point Ligoure to Coora across the southwest 
portion of the island. This fault has been proved to be a major factor 
governing oil accumulation in the area. At the southeast end of the fault 
the Coora field has been actively developed during the year and already 
ranks as one of the major productive fields of the island. Approximately 
seven miles to the northwest, another richly productive area has been 
developed on the north side of the fault at Los Bajos, while several widely 
spaced wells along the fault in the intervening area suggest that the whole 
seven miles betwen Los Bajos and Coora will prove productive. 

The Penal field was placed on regular production during the early 
part of the year on completion of a pipe line to the Point Fortin refinery. 
This is a shallow pumping field with a daily output of 2000 to 1500 bbl. 
of heavy oil. 

Down-flank extension of the oil-producing structures of Forest 
Reserve, Kern and Point Fortin have considerably extended the proven 
acreages on these structures and exploitation of the deeper Cruse sands 
on these structures has also materially increased the known reserves. 

Wildcat drilling has been active in several areas. Four wells have 
been completed in the Mayaro district; four at Moruga; six at Cedros; 
six in the Morne Diable area; one at Erin and one at Point Ligoure. 
Few data are available from these areas, but it is understood that some 
encouraging results have been obtained. 

In the northern basin, north of the Central Range, two locations were 
spudded in at the end of the year after extensive seismograph surveys. 
Both these locations are scheduled for depths in excess of 10,000 ft. 
This northern basin is entirely untested by the drill and the present 
drilling program is being keenly followed by all operators in Trinidad. 


Manuscript received at the office of the Institute Feb. 14, 1939. 
* Geologist, Antilles Petroleum Co., San Fernando, Trinidad, B. W. I. 
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Drilling technique and equipment in Trinidad are kept well abreast 
of the most modern developments in the United States. Unitary draw- 
works are practically standard on the island and steam pressures are 
usually 225 Ib. per sq. in. Several of the latest heavy-duty Diesel drilling 
units have been introduced and two of these units are being used on the 
deep tests in the northern basin. 

Excessively high gas pressures at shallow depths still present one of 
the major drilling problems in Trinidad, necessitating mud weights of 
120 to 130 lb. per cu. ft. The native clays of the oil-producing areas 
make an excellent drilling mud to which barite is added as a weight- 
ing material. 

Very little mechanical coring is done, as operators rely almost entirely 
on the electrical survey logs for both completion programs and correla- 
tion purposes. Several of the services that are available in the United 
States are now at the disposal of operators in Trinidad, including elec- 
trical logging, gun perforating, deviation surveys, dip-measurement sur- 
veys, location of water by electrical survey methods, cementing service. 


PRODUCTION METHODS 


Loose Menoueidared sands present the major problem in producing 
Trinidad wells. In the initial flowing stages wells are chocked with from 
589 to 89-in. beans to hold back sand and under these circumstances 
initial productions of more than 500 bbl. a day arerare. Even under this 
rigid bean control decline rates are rapid. Sand continues to present a 
problem even in the later pumping stages of a well, necessitating frequent 
cleanouts and pump replacements. Fine-screen liners have not been 
universally useful, owing to the fineness of the sands, but recently 
some operators have been successful in using fine-gauge wire-wrapped 
screen liners. 

No new refineries have been established during the year but exten- 
sive additions are being carried out at both Pointe-a-Pierre and Point 
Fortin refineries by Trinidad Leaseholds and United British Oil- 
fields, respectively. 


SUMMARY 


The total oil production in Trinidad to end of 1938 has been 162,- 
818,403 bbl. Oil production during 1937 was 15,502,989 bbl. and in 
1938 it was 17,737,061 bbl. Average daily oil production during Novem- 
ber 1938 was 50,116 bbl. Total gas production during 1938 was 18,500 
million cu. ft. 
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The gravity of the oil was 47° to 14° Bé. and the base was asphalt. 
The producing formations were fine-grained unconsolidated sands—the 
Morne L’Enfer, Forest and Cruse in the Miocene, on anticlines and 
faulted anticlines, 

At the end of 1938 there were 428 flowing wells, 516 pumping, 81 on 
gas lift, 123 on plunger lift, and 156 being produced by other methods. 


Petroleum Development in Venezuela during 1938 
By Josrpn A. Hotmes,* Memper A.I.M.E. 


AutHoucH Venezuelan production attained a new peak in 1938, 
passing the 190 million barrel mark for the first time, there was a dis- 
tinct flattening of the steep upward trend that marked 1937 and pre- 
ceding years. The annual total of 190,231,780 bbl. was only 3)4 million 
barrels above the 1937 figure, an increase of slightly less than 2 per 
cent, which contrasts sharply with the 20 per cent increase of 1937 
over 1936. 

As in the previous year, the Lake Maracaibo fields supplied approxi- 
mately 73 per cent of the oil produced, Lagunillas remaining the largest 
single contributor in spite of a 17 million barrel decrease in its annual 
output. Tia Juana increased its percentage of the Venezuelan total 
from 14.1 per cent in 1937 to 23.4 per cent in 1938; La Rosa showed little 
change with 13.7 per cent; Quiriquire in eastern Venezuela was also 
little changed with 13.2 per cent; Mene Grande, the only other field of 
real importance, declined from 7.7 per cent of the total in 1937 to 6.6 per 
cent for 1938. 

Two new fields, Temblador and Bachaquero, began actively to ship 
oil during the year, and by November were averaging 7600 and 10,000 
bbl. per day, respectively. The former is in eastern Venezuela, and the 
latter is the most southern of the proven Lake Maracaibo fields. (A map 
of Venezuela was published in Volume 127 of the Transactions.) 

Table 1 gives a complete résumé of Venezuelan production by 
fields for 1937 and 1938, and shows that 1,685,575,663 bbl. had been 
produced to Dec. 31, 1938. The percentage contributed by each of the 
principal fields to this total is shown in Table 3, as well as their trends 
over the past several years. From these data it is apparent that the 
Maracaibo Basin is the principal source of Venezuelan production, and 
will probably continue to hold this position for some years. 

At the year’s end 2657 oil wells were producing, of which 2425 were 
in western and 232 in eastern Venezuela; 36 per cent were on natural 
flow, 57 per cent were pumping, and 7 per cent were on air or gas lift. 

Out of 523 wells drilled, 507 producers were completed in 1938, five 
less than in the previous year and nearly 100 less than in 1929. These 


Manuscript received at the office of the Institute Feb. 20, 1939. 
* Standard Oil Company of Venezuela, Caracas, Venezuela. 
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TaBLE 1.—Oil and Gas Production in Venezuela for 1938 
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2 P, paraffin; A, asphalt; M, mixed. 
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wells, as shown in Table 2, include oil discoveries in three wildcats and 
a major stepout, six gas wells in proven fields, and 16 dry holes. 


DEVELOPMENT IN PROVEN FIELDS 


Western Venezuela 


Activity in western Venezuela was greatest for the second consecutive 
year in the Tia Juana field, although to a somewhat lesser degree than 
in 1937; 171 producers were completed in 1938 as compared to 241 in 
the previous year, and proven acreage in this field was more than doubled. 
Interesting developments during the year were extensions of light-oil 
areas in the Lake and the development of Eocene production in a con- 
cession nearer shore. Gathering and terminal facilities were completed 
to handle the greatly increased output of this new field, which averaged 
136,493 bbl. per day in November 1938. The three operating companies 
are Lago Petroleum Corporation, Mene Grande Oil Co., and Venezuelan 
Oil Concessions, Ltd. 

Second in activity was the Lagunillas field, where 97 producers were 
completed, largely filling in between earlier lakeward and on-shore 
stepout wells. During the latter half of the year, however, develop- 
ment drilling was begun by one operator on two shallow-water, shore- 
line concessions that had been idle for some years, and at the year end 
eight rigs were being operated in this competitive southern extension by 
the three companies mentioned above. 

The Bachaquero field had also been practically inactive since its dis- 
covery 9 years ago, although some eight producers had been drilled in 
the interim to determine production possibilities. During 1938, how- 


TaBLe 2.—Summary of Drilling Operations in Venezuela 


Important Wildcats Drilled in 1938 


Coordinates 
Total | Surface 
State Das Forma- 
Reference t. tion 
North East Paint 
A ABOBLOEE.s mvcastene hate a eauahatted mei ar tence ree 144,550 | 520,815 Barcelona 5,532 | Mesa 
2 || ANZOALCRUIN Ne wharals nied Mikio thy ieliee heehee ss seen Lee ace ADO aan Church is |. ) 7,815 | Mesa 
Bi) ATMORORU GC scorn esate ti Mion a auran MMe R Ie Orin eval 152,361 | 577,874 N. 300,000 6,039 | Mesa 
AU AAMSONGO RAL MAS, Lolo Ns. «hate ete kan steele MORES eee 91,929 | 442,122 E. 500,000 2,821 | Mesa 
Bh Moniagagse: ts as tits toh ce tachin ce pee Toe one 119,171 | 170,752 Maturin 5,042 | Mesa 
OA Monngadyaiet cy iiet an aot oe eRe eae 202,961 | 203,307 Mon. is 4,850 | Mesa 
|. Monagass: 42 Cem nee ee tee ee Nts oar ee 120,042 | 260,341 N. 200,000 5,141 | Mesa 
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9 | Monagas............ 109,376 | 280,896 4,702 | Mesa 
10 | Monagas. . 141,964 | 657,118 Barcelona 3,686 | Mesa 
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AL a erie doer tein ns She marion ee oa Se pciae — 69,680 44,621 Maracaibo 6,848 | Recent 
Ll Zia cinch Gu Cacsiaec tae tare cet a ORI aE en —69,641 44,516 Cathedral 4,000 | Recent 
1B" Zealish sir totesecets etree chee etre acerca erent: 3,900 —5,213 4,151 | Eocene 
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ever, active development of noncompetitive shore concessions was begun 
by the Venezuelan Oil Concessions, Ltd., and 26 new producers were 
completed. As a result, proven acreage has been considerably increased 
and is now roughly the same as that of Tia Juana. The field was ship- 
ping some 10,000 bbl. per day in November. Gathering and terminal 
facilities have as yet been installed only by this company. 

In the La Rosa area (which includes Ambrosio and Punta Benf{tez 
fields), 46 producers were drilled by the three companies in 1938 as com- 
pared to 66 in 1937. There was some increase of proven territory. 
Production increased approximately 5 per cent over the 1937 figure. 

The Mene Grande field was the scene of considerably increased drilling 
activity in 1938. In this, the oldest Venezuelan field, 51 producers were 
completed during the year, as compared with 17 successful completions 
in 1937. In spite of this increased drilling program, however, produc- 
tion for the year was 13.2 per cent below that of 1937. Only 134 wells 
were producing at the end of the year, as compared to 143 on Dec. 31, 
1937, some 213 wells being temporarily shut down. A deep test is now 
drilling in this field. 

In the Los Manueles-Rio Tarra area, southwest of Lake Maracaibo, 
there was increased drilling activity during 1938, and 12 producers were 
completed, 9 in Rio Tarra and 3 in Los Manueles. This is an increase of 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1938 


Initial Production Pressure, Lb. 
per Day Chokeor per Sq. In. 
Bean, 
peepest Drilled by Fractions Remarks 
Tested Oil, Gas, of an ; . 
isis Millions} Inch Casing | Tubing 
Bbl. Cu. Ft. 

1| Mio, Olig | Standard Oil Co. of Venezuela Algarrobo No. 1 N.C. 

v) Mio. Olie Mend Grande Oil Co. 1,392 x yy 625 340 | Tigre No. 2 

3} Mio, Olig | Mene Grande Oil Co. possible small pumper Merey No. 2 

4 Socony Vacuum Oil Co. Suata No. 1. Dry 

5| Mio, Olig | Standard Oil Co. of Venezuela 750 x +) 470 225 | Jusepin No. 1 

6] Mio, Olig | Standard Oil Co. of Ue bre nae +4 a ne patra No: Bs von 

i Mio Standard Oil Co. of Venezuela : 16 s ado sented Tete 

Ot. 
i i S doned 

9) M Standard Oil Co. of Venezuela T-31, gas abandone: 

10 Mio Venezuela Oil Dev. Co. Cerro Negro 1, testing 
il Conc., Ltd. L.S. 409. Junked 

2 Boson Med Ol Banc Ltd. 145 0.08 ¥-14 |650-1,000] 10-280 poe 654. Replace- 
13] Eocene | Venezuela Oil Conc., Ltd. Sibucara No.2. Dry 
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9 completions over 1937. As a result, production increased 24 per cent 
in the Rio Tarra field, and 22 per cent in Los Manueles, above the pre- 
vious year’s totals. In Table 1 the age of the Tarra field is given as 9 
years, this period having elapsed since the completion of the Colon pipe 
line. Nine additional years of drilling and testing preceded the produc- 
tion phase. 

As in the past three years, there were no new completions in the Con- 
cepcién-La Paz area, and the production of the Concepcidn field showed 
a 10 per cent decline for the year, averaging 2432 bbl. per day in Novem- 
ber. La Paz production, on the contrary, was greatly increased. This 
little field produced less than 200,000 bbl. in 1936, nearly doubled that 
figure in 1937, and totaled over 860,000 bbl. for 1938. The Concepcién- 
La Paz area has been under development for some 14 years, and has 
produced approximately 25 million barrels in that time. 

_.The El Mene, Media, Hombre Pintado, Las Palmas group of small, 
light-oil fields maintained about the same total production in 1938 as in 
1937. However, the individual fields showed marked change. El Mene 
declined 16 per cent, no new wells having been drilled in the period. 
The Media field proper showed even greater change, falling off over 50 per 
cent from the previous year. Drilling was discontinued in this field in 
late 1937 and its rigs moved to Hombre Pintado, where they completed 
seven producers in 1938, and production showed a resultant increase of 
74 per cent. The Las Palmas field had been shut down since about 1930, 
except for occasional periods when it supplied wildcat fuel. This year 
it was again put on production, and totaled 62,827 bbl. for the period. 
The group averaged 1841 bbl. per day during November, all of which was 
pipe-lined via El Mene to the lake terminal near Altagracia. 

In the Cumarebo field eight new producers were completed. This 
new drilling, together with the continued return of produced gas to the 


various oil-producing horizons, held production decline to only 7.5 per 


cent for the year. Drilling possibilities in this small, anticlinal field are 
now almost exhausted, but in eight years of development it has produced 
nearly 22 million barrels of 50° A.P.I. oil, and is still averaging about 
7000 bbl. per day. It affords an outstanding example of the benefits 
that can be obtained by return of gas to a reservoir when conditions 
are favorable. 


Eastern Venezuela 


The Quiriquire field continued to hold first place in eastern Venezuela 


both in point of production and of producers completed. Production 
declined about 2.5 per cent from 1937 figures, averaging about 69,000 


bbl. per day for the year, and 41 producers were completed. Proven. 


reserves were increased slightly by encountering commercial production 
in an eastern extension of the lower sands. 


~ 
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TaBLE 3.—Percentage of Total Venezuela Production 


from Major Fields 
ech REE ER ER re RT ee eT a 
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Field To 
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Hemibla dort kerr co. ee at. One oes wks 2) 0.1 
Others eer cent: comes abe BAe nt es als 2a 1.9 251 SO 4.4 


The Temblador field was put on commercial producing status in 
early 1938 with the completion of the Temblador-Boca de Uracoa 10-in. 
pipe line, and the loading terminal for shallow-draft tankers at Boca de 
Uracoa. Shipments from this point are consigned to the deep-water 
terminal at Giiiria, via Cafio Manamo. An active drilling campaign 
resulted in the completion of 39 producers and determined that the pro- 
ductive area consisted of a rather narrow strip some 20 to 30 km. long. 
Field terminal facilities are being installed. 

At Pedernales four producers were completed during the year, using 
a steam land rig on the Cotorra concession and a Diesel electric drilling 
barge for the Amacuro marine concession. Proven acreage was consid- 
erably increased, and production averaged about 6000 bbl. per day in 
November. Operating costs are high in this area because of the swampy 
terrain and the depth of the wells. Initial subsurface pressures are approx1- 
mately 50 per cent higher than the hydrostatic head, an’ unusual condi- 
tion, which complicates drilling and completion procedure. A loading 
terminal for shallow-draft tankers was completed at Capure during the 
year, for despatching crude to Gitria. 

The Oficina field, while not yet on a shipping basis, was the scene of 
an active drilling campaign, and at the year-end six rigs were running in 
this area. A series of possible producing sands has been encountered 
in some wells, their oil content ranging roughly from 17° to 40° A.P.I. in 
gravity. Only two producers were completed during 1938, but other 
wells are testing various portions of the section, prior to completion. 
The construction of a field terminal at San Tomé is in progress as well as 
a road to a proposed deep-water terminal near Guanta on the north coast, 
100 miles away. Construction of a 16-in. pipe line along this road will 
be begun in early 1939. 
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EXPLORATORY DEVELOPMENT 


Exploratory drilling in western Venezuela was limited largely to 
stepout wells in the lake area. As already stated, it opened up light- 
oil extensions to the La Rosa and Tia Juana fields, and resulted in the 
completion of a small well at Pueblo Viejo between the Lagunillas and 
Bachaquero fields (see Table 2). A deep test to the Eocene is now being 
drilled in the Mene Grande field, as well as a wildcat on the Rio Mototan, 
to the south. A deep well is also being drilled in the Rio Tarra field, 
to test the Cretaceous. A test drilled at Sibucara, near Maracaibo, was 
a dry hole. 

In eastern Venezuela an extensive wildcatting program is in progress, 
and resulted in the completion of commercial oil wells at El Tigre and 
Jusepin, and a small pumper at Merey, as shown in Table 2. A 5-km. 
extension of the Temblador field was also proved. Other tests are in 
progress at Santa Ana, El Roble, San Joaquin, Indios and Aceital, as" 
well as at Cerro Negro, which is testing. Failures were recorded at 
Maturin, Algarrobo and Suata. 


REFINERIES 


There was little change in the refinery situation in Venezuela during 
1938. However, Caribbean Petroleum Co. is enlarging its San Lorenzo 


TaBLEe 4.—Exports of Crude Oil, Venezuela 


Barrels Exported 
Field 
In 1938 In 1937 

AA Mn A eI PO SR fin ate ME on Uh OE Colo 41,681,487 | 20,914,111 
Tia Juans oh i, taccac acganaie ste ake Tees ort tek i ee ee etl Min giOGS Leake TO me nO ean inEm 
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Bachaquerotecee tu const cera cto ete Ga ant ee pee 637,854 

otal Bolivar Coastal, Kields; cates sists cee 133,327,832 | 127,222,282 
El Mene, Media and Hombre Pintado................ 551,579 680,203 
La CONCEP GION dite ee am cay eae nee cette ect ame 844,493 1,034,340 
LAs Pag nimi ciakinrhae sweatin Meine tobe ve a eae Eee ate 793,686 256,021 
MeneGrander cota ance aoe cel ec Set eat irs ee 7,768,101 10,142,946 
Latwapanciuost Manel en to uate wey cot antics de oeleecthesaaens 5,057,804 4,215,269 

Total. tromiulake Maracaibo el eek ete cor. 148,343,495 | 143,551,061 
Cumarebo (Central Venezuela)....................... 2,600,567 2,552,097 
Pedernales (nen an Medi cae Me pote ene ieee 1,830,276 1,155,547) 
QUITIC TITS Art Reheat cM RIANSRU yn Ps ih at, ane hagiays 24,122,867 | 23,959,215 
Lenibladors, aye sacs aves ail wage ent nk aon ch cht ee 1,912,304 

Total eastern’ Venezuela......).......csec¢seenseess 27,865,447 | 25,114,762 


Grand total). Venezuelan. anti ceets ete eee ee 178,809,509 | 171,217,920 
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refinery, and Government approval was finally obtained in December for 
the construction of a new refinery at Caripito by Standard of Venezuela, 
replacing the present inadequate topping plant. The throughput of 
the present Lago La Salina refinery was increased slightly during the year. 


_EXports 


Table 4 shows comparative exports from the various shipping fields, 
for 1937 and 1938. Increased exports from La Rosa, and the opening 
up of Bachaquero, were offset to some extent by the reduction in ship- 
ments from Lagunillas, but resulted in an increase of 6 million barrels in 
exports from the lake shore fields. In the remaining lake area, marked 
decreases in the exports of Mene Grande, the El Mene group, and La 
Concepcién were only partly offset by an increase of 800,000 bbl. in 
shipments from Rio Tarra and Los Manueles. As a result, total Lake 
Maracaibo exports had a net increase of slightly less than 5 million bar- 
rels. Cumarebo and eastern Venezuela exports also increased by over 
216 million barrels, raising the over-all figure for Venezuela by 3 per 
cent, or 7,591,589 bbl., to a total of 178,809,509 bbl. exported in 1938. 
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Estimate of World Oil Reserves 


By V. R. Garrias* anp R. V. Wuetset,* Memsers A.I.M.E. 
(New York Meeting, February, 1939) 


As pointed out in previous studies, estimates of petroleum reserves if 
they are to be of value must not only presuppose a clear understanding of 
what is actually meant by reserves but must be subject to constant revi- 
sion to conform with changes in their component factors. When such 
estimates are analyzed it must be clear that it is virtually impossible to 
obtain comparable figures reflecting the same degree of accuracy, to 
represent the reserves not only in various countries, but at times even of 
different fields in the same country. 

Estimates of reserves in the United States, subject to frequent inde- 
pendent checks, are obviously more reliable than those furnished, for 
instance, by the Soviet Government, as the latter must be accepted at 
their face value and are open to the suspicion of being made to conform 
with predetermined programs of propaganda. Any tabulation of the 
reserves of all producing countries, therefore, gives a total that is mislead- 
ing, as the component items are not arrived at on the same basis and there- 
fore are not homogeneous in a true sense. 

Only a fraction of the petroleum stored underground, usually asso- 
ciated with natural gas, is or can be brought to the surface, and although 
practically all the natural gas underground can be recovered, in actual 
practice in some fields a large part of the gas that reaches the mouth of 
the well is wasted. It is thus estimated that in the United States only 
some 25 to 35 per cent of the petroleum underground in proven fields is 
actually economically recovered. Estimates of reserves, therefore, 
should make clear the distinction between the known amount of oil 
underground in producing fields and the portion that actually can be 
brought to the surface. 

It cannot be overemphasized that as a result of the operation of the 
‘“‘Law of Capture,’”’ which controls subsoil ownership in the United States 
on comparatively small landholdings that seldom if ever cover the entire 
producing area, the oil fields are not as economically exploited as some 
foreign fields, and that as a result (were it not for the easy accessibility 
of the domestic market, the largest in the world) some American produc- 
tion would now be unprofitable in open competition with foreign oils. 


Manuscript received at the office of the Institute Feb. 15; revised May 5, 1939. 
* Cities Service Co., New York, N. Y. 
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The Law of Capture in the United States causes waste not only on 
account of useless investment by putting a premium on unnecessary wells 
but also as a result of the harmful dissipation of reservoir energy due to 


TABLE 1.—World Oil Reserves 


Mituions or BARRELS 
er ee te he 


ones Reserves on Jan 1, 1939 Frodughion te Jan. 1, 
State Country State Country 
Wnited-Stateas 008 ob eeici canes oon es 14,000? 21,184 
ARES SSRs So SN eee RO erlet eek 9, eae | 7,500 5,650 
Calilornin- gery ear rr pot tt haa 2,800 5,162 
OK a hon are eect eset es aoc 900 4,440 
HPOUISIA ae Pd MeN oa, ks 600 864 
IRATISHS sere Rt ree ces teres bee 600 958 
INewalViextcome, Matis tesa apes 550 197 
TUIOONISS MR. Sree, ee aaa ene gees 280 455 
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Pennsylvania and New York........ 200 1,071 
FATKANAAS Meo ree een tis ea tak 120 460 
Ocherswe-y sere eas he See re okies 170 1,473 
UES iseece pte ies: BAL Pomel pe terse ea ROTA Be 5,000 4,025 
Eve Tipe Pea hee a cree aoe Me eee ae ig A 3,500 878 
WGSCLATE Cita, panes tng eae erin eee che lol Sun A onieey meee 2,500 1,693 
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DOnpehs Mast Ndiesy ncn 0. le ame le ots 1,600 838 
IRN IeTCN ELE 3 6 RS Oe Se a 700 835 
IW esa teloy ON, Jon re Re eee een eT 600 1,895 
(tei Royaall Bre er ee eae Oe Reais mee eee eM o a * — 400 230 
PAT CTNULT Slieee eet girly oo. oto Nal Chet 6 ns tye dame A 200 : 187 
“iG de ene A) Gore Riley tat Ste 200 240 
AAP aan (6 kao Aa ee ee ee ge ee 150 164 
(CHING ls os. Ose ic oe ee oe ee 550 957 
30,208 


“No attempt is made to classify reserves into proven, profitable or unprofitable, - 


nor to add these heterogeneous figures. 
> These figures are lower than the estimates of the American Petroleum Institute, 


the difference hinging mainly on the estimates of reserves for Texas, and in the per- 
sonal equation in deciding just what is and what is not proven acreage. 


loss of dissolved gas and premature water encroachments, which brings 
about a reduction in the recoverable oil. 
PROVEN AND PROFITABLE RESERVES 


The term Proven Reserves, although sanctioned by long usage, is some- 
what misleading, as proven denotes merely known existence, and the term 
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could thus logically be applied to the billions of barrels that unquestion- 
ably are known to exist in the Athabasca oil sands in Alberta, for instance. 
The term proven reserves is often used in this sense but, unfortunately, it is 
probably more often used with the implication that the known reserves 
in question can be profitably exploited, and this dual usage gives rise to 
serious errors. 

It should be noted that there are many known or proven reserves like 
the tar sands mentioned above, which it is now unprofitable to exploit but 
that later may become profitable, and others that are now profitable but 
may become unprofitable at any time; thus changes in the price of crude 
that do not affect the volume of known or proven reserves in any one field 
may drastically increase or decrease its profitable reserves. 


CLASSIFICATION OF RESERVES 


In line with the foregoing, it is suggested: (1) that the term proven 
reserves be restricted to apply only to known reserves without implying 
whether or not they can be exploited economically, (2) that the term 
proven profitable reserves be used to denote known reserves that can be 
economically exploited and (8) that the term proven unprofitable 
reserves be used to denote known reserves that cannot be economically 
exploited. 

Proven reserves may be described as the future yield of present produc- 
ing wells and of wells .to be drilled on proven locations; proven profitable 
reserves as the future economic yield of present producing wells and of 
wells to be drilled in proven locations and proven unprofitable reserves as the 
future though uneconomic yield of said wells. In each case the estimates 
are to be based on conditions prevailing at the time the estimates are made 
or varying from same within reasonable range. 

There are other oil reserves besides those that can be classed as 
proven profitable and proven unprofitable, but their appraisal is largely 
dependent on the purpose for which estimates are made and their defini- 
tion is largely based on the personal judgment of the appraiser. 

With the foregoing limitations in mind, it is suggested that under 
probable reserves, in a general way, be classed those that are reasonably 
expected to become proven profitable in a given time, and that under 
prospective reserves be grouped those that possibly but not probably 
may be proven profitable. 

It should be evident that although no reliable Saiithatee can now be 
made of the world’s proven profitable oil reserves, such estimates are not 
altogether meaningless if interpreted within the narrow limits of their 
usefulness. It is desired to emphasize that the reserves as listed in the 
accompanying table are not classified or differentiated as to type, and 
that they include such heterogeneous items as the largely proven profitable 


. 
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reserves of the United States, and the reserves of Russia, which cannot 
yet be classified. Obviously these estimates of reserves of different 
countries are not made on a comparable basis, and the justification for 
this study so far lies more in bringing this situation to the attention of 
those interested in petroleum reserves than in the comparable usefulness 
of the figures themselves. 


Chapter V. Refining 


Review of Refinery Engineering for 1938 
By Water Minier,* Mremssr A.I.M.E. 


DEVELOPMENTS in oil refining were so varied during 1938 that a 
refiner had to be alert or be left behind. The long-talked-of conversion of 
oil refining into a true chemical industry using petroleum as a raw mate- 
rial was hastened, particularly in the realm of motor-fuel manufacture, 
by the increased understanding and use of catalytic processes. The 
petroleum refiner’s vocabulary has been extended to include alkylation, 
cyclization, aromatization, and isomerization. ‘There are other devel- 
opments of a similar nature, but these are now considered commercially 
feasible under proper conditions. 


New EQuiIpMENT 


Less expensive equipment and processes encouraged new construction 
and replacement. Estimates of money spent in the United States on 
building new plants and remodeling existing installations during 1938 
place the sum at not less than $200,000,000, a noteworthy amount in a 
year marked by a business recession. 

The commercial application of small-scale catalytic polymerization of 
refinery gases made one of the latest advances available to the smaller 
operators, who usually are faced with unit installation and production 
costs higher than the large refinery enjoys. Competition was thereby 
fostered. Outstanding in this respect was the construction of two or 
more polymerization plants in small refineries at extremely low installa- 
tion costs, with amortization measured in months instead of years. 


Houpry PRocEssES 


Bursting like a bombshell late in the year was the disclosure of the 
extent of the development of the Houdry processes of catalytic cracking, 
viscosity breaking, gasoline treatment, desulphurization, and polymeriza- 
tion, said to be applicable to almost any raw petroleum stock and yielding 
gasoline of exceptionally high octane number. This process is claimed 
to be particularly adapted to once-through cracking of aliphatic hydro- 
carbons, and when combined with any of the conventional thermal 


Reprinted from Mining and Metallurgy (January 1939). 
* Vice-president, Continental Oil Co., Ponca City, Okla.; Vice-chairman, Refinery 
Engineering, Petroleum Division, A.I.M.E. 
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cracking units for further cracking of recycled material is reported to 
give greater yields of higher octane motor fuel than is possible with 
thermal cracking alone. Several installations have been operated by 
the companies engaged in the development, and announcement was made 
of the immediately projected expenditure of $35,000,000 for 10 additional 
units. Other processes of catalytic cracking are under active develop- 
ment and may shortly be commercial. 

The situation presages the return of the “octane race”? in motor 
fuels, a phase of competition that has been fairly dormant for a few 
short years. Marketing by a few refiners of “house brand” grade of 
motor fuel manufactured by processes not requiring the addition of 
tetraethyl lead, and having an octane number higher than the 72.3 limit 
by the L-3 method established by the Ethyl Gasoline Corporation for its 
licensees a year ago, will foree competitors to consider means for supplying 
equally as high antiknock products to the consuming public. Although 
the vast majority of motor vehicles in service do not require the high 
antiknock quality available in even the regular grade of gasoline on the 
market, most of the newer cars have been and will continue to be designed 
for the highest octane rating the motor designers can foresee and, as 
time goes on, the older cars will disappear from the scene. The customer 
continually gains through the joint efforts of the motor-fuel manufac- 
turer and the motor builder. 


HYDROGENATION AND TREATMENT OF Motor FUEL 


Continued increase in the application of hydrogenation to the 
manufacture of high-octane aviation gasoline, which yielded an esti- 
mated 2,000,000 gallons of fighting-grade gasoline in 1938, is expected 
to provide capacity for 20 times as much of the product in 1939. The 
military aviation program contemplated for the United States will 
strain the production capacity of the oil industry and without question 
will force further expansion of iso-octane manufacture by polymeriza- 
tion and hydrogenation. 

Methods for treating motor fuel were improved through refinement 
of the doctor sweetening process, the newer copper chloride and lead 
sulphide processes, and by the development of catalytic processes for 
the removal of sulphur compounds. The low-temperature acid treat- 
ment of cracked distillates, also effective as a method for removing organic 
sulphur compounds with a low treating loss, was expanded greatly 
through the construction of Stratcold process units by a number of 
refiners. The problem of gasoline treatment continued to be attacked 
through another avenue also—the development of more satisfactory 
inhibitors against deterioration of color, the formation of gums, and 
other undesirable qualities. 
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The blending of alcohol produced from farm products with motor 
fuel continued to receive attention, particularly in light of the extremely 
low prices received by the farmer for grains. However, reports of a 
study by the U. S. Bureau of Chemistry and Soils, made before the 
American Chemical Society at its fall meeting, called the ‘production 
of power alcohol as a national movement .. . entirely impractical.” 
Distribution of alcohol blends continued on a small scale. 


LUBRICATING OIL 


The trend toward the use of constantly lower proportions of lubri- 
cating oil to the volume of gasoline consumed was made sufficiently 
definite to merit comment. Today the proportion of total lubricating 
oil consumed as motor oil and industrial lubricant compared to the 
gasoline consumed is little more than half of the figure for a decade or so 
ago. This gratifying result is an evidence of the effect of contributions 
by the scientific engineers and technologists of both the refining and 
motor-car industry, the cooperative efforts of which have led to improved 
design of motors and higher quality of lubricants. 

Important solvent-treating lubricating-oil installations were made, 
particularly in California and on the Gulf Coast, bringing available 
solvent-treatment capacity to considerably more than 60 per cent of the 
total lubricating-oil production capacity of the United States. Further 
commercialization of the processes of deasphalting, deresinating, and 
acid treating in propane solution made possible the commericial utiliza- 
tion of stocks containing large quantities of residual material in the pro- 
duction of high-grade lubricants. 

Purification methods involving filtration of lubricants through fuller’s 
earth and other adsorbing mediums were augmented by the introduction 
of prepared bauxite, the latter offering the advantages of longer life 
through greater physical stability during handling and the possibility of 
some improvement in the quality of the filtered lubricating oil. 

Problems of engine deposits, ‘‘varnish” or lacquerlike incrustation 
of engine parts, and ring sticking received major attention both from 
automotive designers and petroleum technologists. These problems 
have arisen as a result of the higher speed, greater bearing pressures, 
and closer clearances of moving parts in the modern automotive engines. 
Diesel engines, operating as they do at considerably higher bearing 
pressures than gasoline motors, are particularly subject to ring sticking, 
but this problem is being solved successfully by the development of a 
combination of carefully selected lubricating oil and addition agents. 
Some effort is being made to standardize both Diesel engines and fuels 
to cut down the number of differing fuel specifications now appar- 
ently needed. 
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BurNER DISTILLATES 


While the rate of installation of domestic oil-burner equipment has 
slowed down, the use of burner distillates has continually increased. The 
consumption during the winter of 1938-1939 is expected to be over 
72,000,000 bbl., or a 15 per cent increase over the 1937-1938 season. 


PETROLEUM GASES 


Utilization of refinery gases in chemical manufacture, and the increas- 
ing interest in petroleum as a chemical raw material, were evident from 
the vast amount of published literature and from the semicommercial 
development of a plant and process for the production of butadiene 
either from petroleum gases or from kerosene or gas oil. Although use 
of specific catalysts for the accomplishment of controlled chemical 
changes in petroleum hydrocarbons has been publicized during the year, 
the development work, of course, has been in progress for several years. 

The industry was startled also by the announcement of the com- 
mercial development of glycerin production from petroleum gases, indi- 
cating the great steps that have been made toward the realization of the 
petroleum chemist’s dream of building a chemical industry on the petro- 
leum hydrocarbons similar to the chemical industry that has been devel- 
oped on the coal-tar hydrocarbons. 

Utilization of petroleum gases in the liquefied state continued in 
increasing volume, and is becoming more important both to the natural- 
gasoline manufacturer and the refiner. The volume of pure and mixed 
hydrocarbon gases in liquid form used during the year probably exceeded 
4,000,000 barrels. 


MeEcHANICAL [MPROVEMENTS 


In the field of mechanical improvements, the development of a 
method for removing coke from coke stills by the application of high- 
pressure water jets excited considerable interest because of the great 
increase in safety and speed thus provided. Improved cracking-still 
tube-cleaning methods involving the removal of most of the deposited 
coke by steam and the oxidation of the remaining carbon under controlled 
conditions has proved practical and promises increased efficiency in 
cracking-still operation. 

A marked advance in refractory manufacture has resulted in the pro- 
duction of insulating firebrick weighing approximately one-fourth as 
much as ordinary firebrick and possessing several times the insulating 
effect. The advantage of the decreased weight in construction is obvious. 


Mud Technique in Iran 


(Author’s reply to discussion that appears on page 21.) 


M. W. Strrone.—The method of drilling mentioned by Mr. Pollard has been 
employed by this company, but it is permissible only if no knowledge is required 
of the formation being drilled. I am not in a position to know whether the strati- 
graphic knowledge of Bahrein is yet sufficiently exact to employ this technique with 
safety to the pay. 

In reply to Mr. Power, I would say that ‘‘ heaving shale” troubles in Iran are very 
different from those on the Gulf Coast. They appear to be associated with extreme 
thrusting in salty marls. We employ pressure drilling with saturated brine muds. 
No bentonites have yet been identified in the drilled sequence. An interesting point 
is that two wells, a little over a mile apart, drilled through 10,000 ft. of the same 
formation. Extreme formation pressures with heaving or unstable formation were 
encountered in the one in which extensive overthrusting was present, whereas no 
difficulties whatever were met with in the other, in which thrusting was negligible. 
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